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ABSTRACT 
 
A STUDY ON THE NEW DENSITY INDICES FOR EVALUATION 
OF RESIDENTIAL ENVIRONMENT 
 
ÏAPPLYING WALL PERIMETER AND SPATIAL OPENNESS INDICES TO  
THE HOUSING LAYOUT  
 
Sepideh Payami Azad 
Doctor of Engineering 
Chiba University, 2018 
Over time, urban developments with increased densities have led to a decrease in private open space with a lack 
of public open space. Residential open spaces are missing in housing legislation as they are estimated based on 
floor area ratio and building coverage ratio, whereas they cannot be used as an all-encompassing measurement tool. 
Furthermore, if residential open spaces could meet main needs and demands of residents, lots of activities will 
transfer from indoor to outdoor, and a part of the small size of dwellings will compensate and also it is essential for 
designers to consider housing layout to ensure a pleasant environment for residents. Therefore, to achieve a better 
quality of space in residential areas, new indices in the evaluation of residential environments should be proposed. 
Undoubtedly, Housing indices are efficient tools for planners to assess residential areas performance and develop 
policies. This research assumes that there are links between the attributes of density, housing layout, space openness, 
and quality of space in residential areas. This dissertation aims to understand the effect of density indices on 
residential environments and to explore the links between housing layout, space openness and quality of space in 
residential areas through a comparative analysis of residential areas in Iran and Japan. The relation between building 
arrangements, the possibility of windows, and spatial openness will be analyzed; subsequently, two new indices—
wall perimeter index (WPI) and spatial openness index (SOI)—will be proposed and target districts will be studied 
to compare different residential areas according to the new indices. 
This research will be done in the following way: after an introduction, literature review with highlighting research 
purpose and structure in chapter one in chapter two this study provides an explanation of study methodology and 
theoretical model in different phases of research. The following chapter (chapter three) compares two old residential 
areas in Tehran and Tokyo and their housing layouts characteristics. Chapter four starts with reviewing housing and 
legislation in Iran and Tehran and its transition over history then analyzing the housing layouts in target areas based 
on the research hypothesis. In chapter five, the first section is devoted to residential areas and housing in Japan, 
their transition and related urban laws. In the following section, selected residential buildings are examined 
comparatively based on the method of analysis. Chapter six as a conclusion we discussed the result of the study. 
Keywords: density, index, residential environment, housing layout, open space.  
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Chapter 1  
Introduction 
 
1.1. Overview 
Cities are developing all around the world, but as they develop, and they issue turn out to be more 
complex, they could learn from each other. In various areas such as housing, urban services and infrastructure, 
urban safety new challenges are rising with preserving the old patterns. (UN habitat 2016) 
The rapid urbanization and industrialization around the world have led to a constant increase in urban 
population. A number of studies assumed that population growth, cultural values, high densely urban areas 
and housing layouts are bond up. (Rapaport 1969, Mumford 1970, Sugiayama1986) Consequently, in the face 
of rapid urbanization, the relationship among building density, housing form, and population growth has 
attracted wide interest. 
Within urban areas as a result of the buildings combination, distinctive places are formed that informed 
by regional attributes with various forms and functions.  (Biddulph 2007) The urban structure contains three 
main elements—space, built environment, and movement system. The built environment includes the 
buildings, roads, sidewalks, utilities, homes, parks, and all other human-made entities that form the physical 
characteristics of a community. Buildings can affect the quality of spaces in two ways: the way their volumes 
and masses frame or enclose the space and the way their users interact with space. If buildings and spaces are 
considered together, it will provide a positive contribution to the quality of the urban area (Payami Azad et al. 
2016). The quality of space of a dwelling is greatly affected by spatial arrangements such as building 
typologies, unit types and open space.  
Environmental and social problems owing to a high density within cities could be an adequate 
motivation to adopt new standards in urban environments, especially residential areas (Woolley 2003, Trancik 
1986, Towers 2005, Gehl 2011, Rapoport 1975). 
Among all the common types of buildings that shape the form of cities, housing is of major importance 
constituting the bulk of buildings (Polyzoides et al. 1992). A considerable part of every habitat consists of 
residential areas when housing accounts for more than 70 percent of land use in most cities and determines 
urban form and densities. The urban population of the developing countries is expected to double between 
2000 and 2030 while the built-up area of their cities can be expected to triple. (Angel 2011) Housing has 
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become a tool for social and urban development and modernization in different parts of the world. Land uses, 
height and bulk of development, coordination of buildings and open spaces are the fundamental components 
of ensuring a pleasant and efficient residential environment. 
Housing is not just referring to a house as a physical form but surrounded all different attributes of 
human settlements. Our homes are perhaps the place where we spend most of our time and for many are the 
favored places in life. Some people’s homes are set within a network of green spaces, and so these may be 
experienced while living in this location—from childhood through youth, adult life and into old age. But not 
everyone is lucky enough to live close to or within a complex of green spaces. (Woolley 2003) Some others 
are hidden in uniform residential blocks which are same as boxes, with windows in rows.  
When spatial behavior as a part of social existence is defined by spaces around us, owing to the lack 
of well-designed spaces marked by boundaries and walls, the activity between buildings becomes lacking, 
contacts become sharper and more on purpose, and people become more alone (Madanipour 1999). A variety 
of social activities happen in different places such as dwellings, private and semi-private outdoor areas, public 
areas, and gardens (Gehl 2011). Consequently, providing open spaces at various levels has been a vital concern 
in urban legislation and design development programs (Worpole 1992, Towers 2005) and the internalization 
of open spaces in residential environments has been a crucial matter of discussion (Wooley 2003). 
As Marcus and Sarkissian (Marcus and Sarkissian 1988) represented, a good contribution to open 
space in residential areas with interior space of dwelling could result in a success high-density housing. They 
believed that while designers mostly focus on two-dimensional plans, residents will judge their living 
environment by what they can see through windows and a visual diversity such as human activity, greenery, 
and distant open view.  
One of the most notable recent changes in housing policy is the fundamental changes in the spatial 
form of open spaces, thereby, developing useful factors is indispensable.  More open space does not necessarily 
mean a better urban area with a higher quality of space when some open spaces are poorly designed. 
On the other hand, one of the ways to measure and analyze the structure of cities is density, and it is 
one of the most critical indices and design parameters in the field of housing which has been the subject of 
numerous studies within various disciplines (Sugiyama 1984 and 2006, Tokuono 2006, Sato 1982, Alexander 
1993, Rapoport 1975, Gifford 2007, Tonkin 2008, Shojai and Mori 2016). 
In following chapters, we describe the relationship between density, housing layout, and residential 
open space morphology. We will try to discuss the origins of existing concepts and methods of evaluation and 
also will introduce two new density indices that could be effective in the evaluation of physical form of 
residential areas. 
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1.2. Literature Review 
1.2.1. Density  
One of the controversial issues after Second World War was density. While there is no clear definition 
of density, Longman dictionary defines it as ‘the degree to which an area is filled with people or things’ or in 
a technical approach ‘the relationship between the mass of something and its size’ and in Oxford Dictionary 
the definition of density is the ‘closeness of substance, crowded state, and in physics, the ratio of mass to 
volume or by quantity of matter in unit of bulk’. 
Density is a measurement system which helps us to calculate the number of people in the area 
(population density) or total constructed area per land area (Build-up density). Density regulations controls 
residential developments through limiting the number of people per site-area unit or permitted floor area and 
is in correlation with other physical attributes such as building coverage, floor area ratio, setbacks and 
buildings height. Practically, density measures vary between or within countries, even in different regions of 
a country and even a wide range of land units including hectare, square kilometer and square mile are using in 
statistics.  (Berghauser Pont and Haupt 2009, Biddulph 2007, Jensen 1966) 
At the end of 19th century, in countries like Germany and England the huge fires, diseases, and social 
disorders were addressed to the high rate of density as a consequence of industrialization. Therefore, urban 
legislation and controlling urban development throw density became the matter of discussions of preferred 
urban form. The initial regulation was limited to building height and road width when later the maximum 
density was used in building ordinances which enacted by municipalities. (Jensen 1966) 
In last century, density was used for both describing the cities problems and also prescribing suitable 
alternatives while evaluating density by quantitative methods and using it for statistical purposes have been 
argued in the lack of paying attention to the physical and spatial part of space. It has been a controversial issue 
in urban studies and Williams in their books “The compact city” (2003), warned about the compactness of 
cities and believed that with disappearance of private open spaces and public green areas, due to achieving 
higher density, the quality of urban environment will decline while it has a long history in urbanization. 
Cities usually have different regions with different densities. In densely populated areas, definitely is 
not a decent social life, when by an increase in density the living conditions will be harder. For example, to 
compare London, where most of the buildings are short, with other European cities like Paris, density is not 
high. On the other hand, while in the central areas of Paris, the density is three times higher than London, 
living conditions are not three times worse. (Rudlin and Falk 1999) 
The general concept of density in residential environments implies compactness and proximity of 
dwellings in both urban and rural living areas. At a physical level density affects housing layout, housing form, 
and the city structure; the basis for density determination will vary from regulation to regulation. When urban 
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planners and designers needs wider understandings of density as urban decision makers who deal with 
challenges and complexes in living environment. Also, urban planners often claimed that rate of density in 
urban areas is higher and also higher density developments often remind visions of high rise buildings and loss 
of open space within an urban area.  
Regulations in housing and density issues are established to ensure natural ventilation, proper light, 
and open space to provide a healthy and sustainable residential environment with high quality of life. One of 
the tools for decreasing or increasing density in residential environments, is housing typology and building 
arrangements. The arrangement of built form in residential areas and their physical relationship with open 
space should consider in urban legislation and design housing areas. 
 Density could be measured from a variety of sources and be grouped into several categories, but this 
study is related to density measure and urban form. It is important to realize that density can be approached in 
different ways. An individual perception of density can differ entirely from the more technical perspective on 
density. (Berghauser Pont and Haupt 2009) 
Density has been the subject of study for many scholars within various disciplines. (Berghauser Pont 
and Haupt 2009, Sugiyama 1984 and 2006, Tokuono 2006, Sato 1982, Alexander 1993, Rapoport 1975, 
Gifford 2007, Tonkin 2008, Shojai and Mori 2016, Ng 2009, Bergdoll and Williams 1990) 
Rapaport (1975) believes that when density shows the number of people per unit area, the boundaries 
of an area also play an essential role. He draws our attention to the importance of distance and relationship in 
the built area such as the distance between people and people, people and object and object and object and 
their relationships that define density in an area. 
Some researches such as Alexander (1993 and 1998), Tonkin (2008) and Rapaport (1975) believe that 
the measurement of density consists of three components: perceived density, physical density, and measured 
density. (Figure1-1)  
Physical Desnity
Measured 
DensityPercived Density
Figure 1-1. Density Measures 
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1.2.2. Perceived density  
Perceived density is experienced in a built area, estimates the number of users of space in a given area 
and relates the users and space. Spatial characteristics such as landscape, building type, building height, space 
openness, and aesthetics affect the perceived density whereas spatial density is one of the aspects of perceived 
density (Ng 2009, Bergdoll and Williams 1990, Alexander 1993, Rapoport 1975). 
As Rapaport (Rapaport1975) argued, there is an association between perceived density and urban form 
and urban features. He acknowledged the important effective factors on perceived density as below: building 
height, building height to space ratio, space congestion, space openness, number of people, level of light, 
traffic, number of traffic signs. Also, Cooper- and Sarkisisan (Cooper and Sarkisisan 1988) outlined the 
building size, space between buildings, visual access to open space, and building elevation are contributed to 
density perception. 
Interaction of physical density, social and cultural backgrounds and personal cognition is contributed 
to perceived density. Perception of density per person can significantly differ from a technical perspective on 
density and refers to the level of density which people feel an area has and is dependent on the individual and 
his/her background culture and on the nature of the built-up area. It could be hypothesized that a high degree 
of the enclosure could lead to high perceived density. There is also a possibility of a weak relationship between 
statistic density and perceived density, but this issue will not be reviewed here because it is not central to our 
concern. 
Crowding is closely linked to density and refers to too many people living or working in a room, 
dwelling, neighborhood, or on a plot and widely vary in different cultures and social classes. There is an 
important difference between crowding and density: it is possible to have high-density housing without 
crowding. Density is the presence of some objects or people in a given area while overcrowding is the judgment 
of the perceived density based on the standards or desire. 
1.2.3. Physical Density 
Physical density defines by physical characteristics of objects in space. At a physical level, density 
affects housing layout, building form, and city structure; some of the qualities of built environments that define 
as qualitative density, such as space openness, massing, and effect of building height, landscaping cannot be 
measured by density, but they are a part of physical density owing to their contribution to perceived density. 
Rapaport believes that perceived density itself consists of both measured and qualitative density. 
(Rapaport1975)  
Physical density determines by the space between building, building depth, building height, and 
building arrangement. It has an elaborate relationship with housing morphology and housing layout and plays 
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a vital role in shaping the residential area. While housing layout includes land for buildings, roads and public 
and open spaces. 
1.2.4. Measured Density 
Measured density express the quantitative features of the built area and includes factors like some 
dwellings in a given area of the rate of built-up area on the site, etc. In measured density, there is to main 
approaches which describe the density within the dwelling and density outside of dwelling while. We assume 
there should be a relationship between these two approaches that could affect each other inversely. 
This study remarks the quantitative aspects of physical density under cover of measured density with 
respecting qualitative density. As will be discussed later, Physical density deals with the concentration of 
physical structures in a given area and is an objective of quantitative and neutral spatial indices. 
1.2.5. Density Attributes 
Terms related to density are plot area, height of buildings, setbacks, floor area ratio (FAR), and 
building coverage ratio (BCR), which shape the built form of urban areas (Payamiazad et al. 2016, Tonkin 
2008). Of all the available studies on density, the majority concentrate on the discussion of BCR and FAR. 
Such studies concern themselves with population and building densities. Governments impose built-up density 
and height limitations through restrictions on FAR and BCR to express a density limit (Alexander 1993).  
Plot Area (Site area) 
Plot area is the area of a lot in which the building is constructed or reconstructed. Lot size varies from 
country to country and culture to culture in association with housing layout, economic status, climate issues, 
etc. As density affected eventually by size, length (depth), width and shape of lot and dimension of roads, site 
area is crucial. Smaller lot area indicates higher density. It also correlated to urban form. 
Building Height 
Regulations in building height specify the permitted number of floors. Gropius (Gropius 1935) was 
interested in the relationship between street width and building height. He argued that in higher buildings not 
only we could provide more open space but also, we could increase the number of floors and consequently a 
number of residents. 
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Later, Later, Alexander (Alexander1977) in opposition to high-rise developments by modernists, 
introduced some limitations for buildings height. He believed that high rise buildings destroying townscape, 
social life, and visual detail and do not help to create open space. He noticed that when to respect the human 
scale floor numbers should be less and to consider the best use of land more floor numbers is needed, setting  
 
 
a height Limit on the site is necessary and building coverage should not exceed than 50 percent of lot area. In 
this way, based on the limitation of floor area ratio, we should divide the maximum rate to the area of the site 
to find the allowed number of floors. (Figure1-2) 
Setbacks 
The setback is the distance of building façade with the property borderline or wall. Combination of 
setbacks and building height regulate the permitted massing or building envelope and use in zoning regulations. 
The primary purpose of requirements of setback is to provide natural air circulation and ensure light 
penetration and also create space around buildings for garden settings and landscaping. 
Floor area ratio 
FAR is considered the most efficient way of expressing a density limit; The aggregate floor area of 
the building (adding all floor levels) divided by the ground area of its plot. As a result of well-defined, 
definition of floor area and plot area, the floor area ratio is one of the most precise density measures.  Rates 
may range from 0.1 for very open areas to 2.0 for very dense areas and have distinct effects on traffic, utility 
loads, street life, massing, public services, etc. The average FAR of residential environments is a consequence 
of environmental, social, and cultural conditions and varies from city to city. Regulations specify the total 
permissible floor area about plot size, and it defines typically in planning documents. 
Figure 1-2. Estimating the building height based on the surrounding buildings height and floor area ratio 
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Floor area ratio is also the most relevant tool for measuring the build-up density since there is a 
significant association between density and floor area ratio and by increasing FAR, the rate of density goes up. 
Bulk is frequently controlled by floor-area ratio, which limits total buildable floor area as a multiple of the site 
area. (Chiara 1990).  
Building coverage ratio 
Building coverage represents the ratio of building coverage area to given lot area and frequently use 
to express the relationship between built and non-built land and it also could represent the distribution of mass 
and open space. In contrary, the open space ratio is in the inverse meaning of building coverage and describe 
the rate of open space in a site area. 
Built form and FAR are related, whereas coverage and heights of buildings depend on built form. In 
the last few years, however, the technical performance of many major municipal governments has significantly 
improved, but FAR and BCR restrictions have not been revised. In contrast, the aim of this study is to examine 
the standard of FAR and BCR by proving their incapability to analyze housing arrangements and the way 
housing layout types could affect the residential open space.  
1.3. Density, built environment and urban morphology 
Build-up density is bound up with urban morphology and has a vital role in shaping urban form. For 
example, various building arrangement in a given site with a different rate of building coverage ratio and floor 
area ratio will create different built styles.  As illustrated in figure 1-3, in a given area, the building transformed 
from one-floor building to four floors, therefore, the same floor area ratio obtained with different building 
coverage ratio. 
 In the loss of open space as a result of urban developments with high density, high rise buildings 
usually become more favorable by the public while there is no clear relationship about the amount of open 
space that might release. The high-rise buildings provide large amounts of open space with losing privacy and 
private outdoor spaces.  
Figure 1-3. Two built areas with same floor area ratio but different building coverage 
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In an urban level, the development of same density could result in shaping very different urban forms. 
Figure 1-4 demonstrated three different urban areas as high-rise, medium-rise and low-rise buildings with 
same residential density in different urban layouts, site coverage and building arrangement, consequently, the 
proportion of open space is different. 
While over history the main focus of urban morphology studies was on qualitative factors and methods, 
in recent years, due to rapid urbanization, the relationship of build- up density and urban form has attracted a 
broader interest, and the scholars have been studied the quantitative classification of physical elements of 
space to address the issue. (Rapaport1975, Martin and March 1966, Gropius 1935, Alexander1977, Rowe and 
Koetter1978) 
For the first time in early1960s, Leslie Martin and Lionel March (Martin and March 1966) the pioneers 
of quantitative classifications of urban areas, studied the relationship between space and built environment in 
the context of that inspired a number of researchers. They investigated the effect of several urban layouts on 
various factors including floor area ratio and building coverage ratio (they called the former built potential and 
latter as site utilization factor). 
 
Figure -1-4. Same density in various urban layouts     Source: Cheng, 2010 
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They focused on two forms which were a court (as traditional building form in many counties) and 
pavilion (as a popular housing form in modern movement) and believed that preserving site amenities with 
high density in court type is easier than tower and pavilion form. The site area and adjacent streets width are 
other controversial factors.  
Martin and March compared rows of the courtyard (25 courtyards) and pavilion layouts as typical 
New York blocks (49 pavilions) with 50% building coverage and same floor area and height. As demonstrated 
in figure 1-5, in comparison of courtyard and pavilion, the latter has the higher number of buildings (49) than 
former (25) to obtain same building coverage. In pavilion type, the streets are narrow and restrictive when the 
rate of open space in courtyard type is higher as a result of the consolidation of open space and reverse network 
of social and pedestrian space.  
 
Figure 1-5.Two urban form based on the pavilion and courtyard layout type 
Later they classified the urban formation into three groups: pavilion(tower), street and court. The 
repetition of all forms creates a rectangular lattice. (Figure 1-6) The site area, block depth, interspace width, 
and floor height are similar to all patterns. However, rate of open space that means the ratio of covered area to 
not covered area is various and also by increasing buildings height the efficiency of built form with lot area 
will improve. In the maximum rate of built potential for the pavilion, to compare with two other types, the 
ratio with the street is 1:2 and for court almost 1:3. (Figure 1-7) 
Martin and March developed courtyard and pavilion types with same total floor area and building 
depth. Eventually, the pavilion type’s height was three times more than the courtyard. They realized that 
various types of built form with the same array pattern could design different urban forms. The simple 
characteristic of this form led to various kinds of researches and motivated other scholars to extend this method. 
(Figure 1-7) 
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Later in the 1980s, Colin Rowe for demonstrating the distribution of built area and open space, 
discussed the figure-ground analysis. In the issue of St. Die versus Parma, Rowe and Koetter (Rowe and 
Koetter1978) compared to different methods to compare modern and traditional urban planning. In St. Die 
(Figure 1-8) the main objective was producing an outstanding urban foyer, and there was an effort to replicate 
the qualities of solid cities with endless elements of voids. On the contrary, in Parma (Figure 1-9) as a 
traditional city, the solid and continues matrix that cut through by voids, providing some condition of legible 
structure and a considerable flexibility in supporting the ground. 
Figure 1-6. Various disposition of built form in pavilion, street and court layout      
 source: Martin and March,1972 
Figure 1-7. developing courtyard type and Pavilion with same floor area and building depth 
Source: Martin and March,1972 
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Figure 1-8. Figure-ground analysis of Saint-Die project by Le Corbusier 
Source: Rowe and Koetter,1978 
 
 
Source: Rowe and Koetter,1978 
 
Figure 1-9.Figure-ground analysis of Parma 
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In his book finding lost space, Roger Trancik stated, an in a thriving city, well-designed buildings and 
outdoor spaces are both necessary.  He believed that in environmental design to create a consistent physical 
form buildings should be unified with outdoor open space, and in this matter, we could learn from traditional 
cites. If we look at the urban form of modern cities and compare it with traditional one, in modern city the 
structure is fragmented and confused which result in a confused structure while in traditional cities with direct 
urban blocks and established orientation the structure is spatial. (Figure 1-10) 
This trend of distribution of built area and open space calls for further research on the relationship 
between the urban structure and the space morphology. How could density effect on physical features of space? 
What quantitative density measures can be used to analyze the physical form of cites? To answer these 
questions, instruments and indices are needed that assist to evaluate the quality of space. We assume that there 
is a relationship among, density attributes, urban form, and open space morphology.  
1.4. Housing and Residential Environment 
Contemporary urban areas are fragmented mosaics of various land uses including commercial, 
residential and mixed land uses that have formed during the twentieth century. Residential environments 
occupy the majority of developed land and built area while people spend a considerable period of their life 
within them. Therefore, the way they are designed could affect the lives of their residents and make their lives 
a pleasure of hard. (Biddulph 2007) consequently, the main goal in housing is creating a compatible and 
consistent environment with residents’ lifestyles and meeting both their personal and social needs. In line with 
Figure 1-10. Traditional and modern urban form     
Source: Trancik,1986 
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residents’ demands, planners and developers try to ensure that housing areas provide sufficient privacy, natural 
light, ventilation and outdoor areas. While due to the spatial and geographical considerations, various 
expectations of amenities in different societies, there is a variation in housing layout, roads width, open space 
forms and space between buildings. 
Housing as the most important need of communities is designed and developed by different groups, 
such as governments or private sector developers, based on a variety of approaches, such as technical, 
economic, psychological, sociological, or political. In many conditions, these approaches have been neglected 
due to crises such as an increase in the population of migration to urban areas, natural disasters, population 
growth and so on. Governments focus on housing, is mostly in mass production, speeding up implementation, 
responding to housing shortages and controlling the housing market, and in this context, economic and 
technical issues play a major role. (Rapaport 1969) 
Housing construction companies generally use residential units as an element used only in urban 
constructions, while nowadays, since dynamism, vitality, the safety of living space in residential areas related 
to residential units, they considered as the design axis. Although every single residential unit is connected to 
the urban community and in conjunction with other residential units offers vitality and dynamism to the 
residential area. Such understanding of the residential environment, that considers it in a permanent contact 
with units and other families, presents a variety of typologies, based on the building arrangements, the number 
of units, the management method, the type of communal and public spaces, the type of open spaces and the 
way residents share their living area. (Goody and et el) 
Housing layout typology and open space morphology are also affected by a variety of factors rooted 
in economic, cultural and social approaches and also residential background variables. In this respect, the focus 
of this study is more specifically on the housing layout that is created as a result of urban legislations and 
residential environment that includes gardens, yards, streets, parks and all other attributes which form the 
spaces between houses. 
In a general category, residential environments consist of three groups of spaces with different 
environments. The first one is the mass of the residential building, as a private space for the family. Second, 
the residential open space that provides environmental requirements such as light, radiation, ventilation, and 
visibility from inside to outside. But due to the fact that this area is connected to the residential units and there 
are some openings for interior space, it considers as a semi-private area. The third group is the communal open 
space between residential units which considered as a semi-public space. This space allows residents to interact 
with their neighbors and creates a chance of social activities.  (Biddulph 2007) 
esidential areas are shaping in three forms of low-rise, medium-rise and high-rise. Low-rise residential 
environment. In the late 19th by the development of steel structure and reliable and efficient elevators, high-
rise building made possible. This type may provide a large amount of open space but there is no open space 
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and public area has no obvious form when there is also no direct control of open realm by residents individually. 
Also, other negative points of high rise buildings could be mentioned as large shadows and interrupted views. 
Furthermore, by the time elevators became more affordable mid-rise apartments started to emerge that 
particularly mixed with other activities same as commercial, could define positive streets and public spaces 
when providing semi-private courtyard is probable. There was a tendency for designing mid-rise buildings in 
U or E shape to produce longer wall perimeter and as a consequence maximizing daylight access. Moreover, 
row houses consist of three to five stories are also popular forms of layout in mid-rise density when various 
arrangement can be used to reach higher density without an overwhelming impact on the street. 
Also, low- rise apartments provide access to small shared gardens for residents by arranging into 
streets and single street entry.at this density, buildings are usually front-loaded, or rear loaded. This 
arrangement offers a higher rate of security and the presence of roads provide more on-street parking. (Cheng 
2010, Biddulph 2007, Tonkin 2008)  
In case of residential layout, the common issues are block size, building height, buildings bulk and 
mass and building frontage. Residential block structures are the result of the composition of buildings and 
urban spaces by planners and designers to create urban form. Through this, designers define the relationships 
between buildings, buildings locations, access ways and type of urban space. 
Residential buildings can be built in a wide variety of configuration and styles when the basic division 
is detached houses or various type of attached dwellings. The common type housing forms are: 
• Detached housing: single-family houses that are separated from all sides and is the most desirable type 
for families and has a large variety around the world. In this type, the public and private spaces are 
clearly defined 
• Attached housing: multiple houses arranged in rows that are almost narrow with minimizing the length 
and deep proportion.  Each dwelling is joined side by side with separate open space and access to 
sunlight is provided by windows at the front and back. 
• Apartments: In apartments, several dwellings have a shared access and communal area. 
• Hybrid housing:  A group of dwellings arranged around a shared space when they are a mix of two or 
more housing forms. (Goody and et el, Tonkin 2008) 
In countries such as USA, UK, and Japan, residential development is dominating by detached houses 
that surrounded by standard roads. When attached houses have various housing layouts and there are main 
categories of housing layout: Row housing, maisonettes, courtyard housing which will explain more in 
following chapters. 
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1.5. Residential Open Space 
The term open space for some may simply mean not houses, while sometimes it means any 
undeveloped piece of land (protected from development by legislation no building on the land). Lynch in his 
book, the openness of open space, mentioned that open space has many meanings in the planning of cities and 
it refers to grounds for sports and games or to large areas in public, or quasi-public ownership, or to un-built-
on land, or to natural areas, or to voids which are open to view, or to places of outdoor assembly. (Lynch,1972, 
p.396) It also could easily define as a free space which surrounded by buildings and walls which is closer to 
the approach of this paper. 
Residential open space as a setting of dwelling is related to form, shape, plan, structure, and functions 
of the built environment and has a positive impact on residential environment quality (Trancik 1986, Gehl 
2011, Pakzad 2007). One of the challenges of crowded industrial cities was lack of public or private open 
spaces, so, designing balconies for residential buildings in poor neighborhoods was a great progress when it 
never could be a place for rest, communicate and socialize. (Rudlin and Falk 199) 
Open space within residential areas not only provides air, natural light, ventilation, and vistas to the 
urban scene but also it helps to make the chance of interactions between residents and improve the 
environmental quality and quality of life. (Sprague1991) Meanwhile, open spaces have lots of benefits such 
as aesthetic, psychological, ecological, economic, recreational, the main purpose of this paper is structuring 
development and form of open spaces. While in residential areas, the space that forms between buildings, may 
be a yard for single dwellings for the activities of the family as private open space or communal open spaces 
in residential complexes, open land that is surrounding the apartments, gardens, unroofed parking within the 
residential lot, voids or a playing area for children. (Sprague1991) 
In agreement with famous planners and architects such as Le Corbusier to improve the quality of living 
environment, open space could play a crucial role. In the modern era, in many cities around the world, large 
numbers of green lawns were created with decorative trees and abandoned open spaces. While in the garden 
city movement, the building of complexes in open spaces was commonplace, the land was devoted to open 
green space, and open space was often considered as a private space for residential units protected by residents. 
In contrary, from the modern point of view, it was a public open space, and just parts of it were private realms. 
(Fishman 1982, Hall 1998) 
Residential areas may be given recognizable and unique character by the design of the open spaces 
scattered around them. These effects may be further exploited by concentrating particular types of spatial form 
of open spaces associated with particular city districts. At the first of twentieth century, to improve the 
environmental quality, residents’ health and social interaction, residential open areas were considered that led 
in the provision or underused some large or badly maintained open realm while recently the qualitative aspects 
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of open space have been attracted more attention. Residential open space is not just defined by shared area and 
public parks but small private space for each dwelling could create a chance of daily recreation. 
Private or shared open space as a common feature and vital component of residential layouts include 
balconies, gardens, shared courtyard and communal area or even access to a public park or area within the 
neighborhood. These areas provide a private space for residents to play, relax, communicate, and enjoy natural 
elements such as trees and vegetation, which make the atmosphere more attractive. They can also be used to 
define the borders between dwellings and the separation between neighboring houses. Allowing the 
penetration of sunlight and fresh air is another environmental function of open space. (Biddulph 2007) 
From and urban design perspective, to distinguish outdoor residential areas, one approach is the access 
to the spaces, generally, the urban spaces could be categorized into four groups as public space, semi-public 
space, semi-private space and private spaces. A residential environment is made up all of these types of various 
forms and patterns. The definition of open spaces within a residential environment in this research also 
includes these types of space when private open spaces in form of yards and gardens tend to just be accessible 
from dwelling and semi-private open spaces that located between public spaces and houses also introduce 
shared private gardens or outdoor communal spaces. In addition, semi-public spaces form play areas or open 
spaces while public spaces to provide access for residents introduce a network of roads. (Madanipour 2003) 
Currently, it is estimated that 80% of open space within urban areas is in the form of streets. Accordingly, in 
order to calculate the total area during estimation, we considered half of the road in front of each lot. 
Moreover, another controversial issue is the open and closed space interfaces which mostly affected 
by form, walls, and edges of closed space. Open space is a void that forms by three-dimensional surfaces of 
closed spaces around. Designing open space by surrounding buildings' walls is one of the enduring principles 
in urban design and create a combination of impressive urban spaces. Space is perceptible through its borders 
and quality and spatial boundaries playing a critical role in defining the space.   
1.6. Scope and objectives 
The main objective of the study is to develop two new density indices for measuring density more 
precisely and in the next step- a better understanding how density effect on the morphology of residential open 
space and housing layouts. (Figure11) An ideal approach would aggregate key elements into various 
residential building typology. This attitude was seen as particularly important, gave the paucity of open space 
in the residential environment in most countries.  
It has made it possible to study several alternate indices; to find out which index is more transparent 
and operational for analysis. The study aims to examine the standard of floor area ratio and building coverage 
ratio by proving their incapability to analyze housing arrangements and the way housing layout types could 
affect the residential open space. 
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Moreover, it provides a source of information on the transition of housing and residential 
developments in Iran and Japan that can be useful for categorizing different residential forms. It covers the 
main issues related to the relationship between density indices and residential layouts to examine the impact 
of housing layout on spatial openness and possibility of windows and try to analyze how different is the rate 
of spatial openness and the possibility of windows in various type of dwellings. 
The rate of density and evaluating the residential areas could be studied by classifying the housing 
layout and physical form of residential areas under five headings: linear, courtyard, scattered, massive linear 
and super-massive when the characteristic of each form will explain later. The selected samples in this research 
are representing various morphological patterns that affected by a variety of factors such as urban regulation, 
historical background, cultural background and geographical difference (different countries). The possibilities 
and specific areas for applying the proposed indices will be suggested in following chapters. 
 
Figure 1-11. Features of residential environment 
 
1.7. Dissertation Framework 
This dissertation consists of six chapters. Chapter 1 introduces the related research fields that this 
dissertation covers, review relevant literature on density, housing, and outlines for research objectives of this 
dissertation. The historical background and definition of density will review to understand the importance of 
developing new density indices. It also highlights some contributions of this research. Chapter 2, demonstrate 
the incapability of floor area ratio and building coverage ratio in the evaluation of the residential areas and 
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issues related to the morphology of residential areas are reviewed. It then addressed the development of a 
theoretical model of analysis and details of research methodology. 
Chapter 3 describes two study areas which are old residential areas in Tehran and Tokyo. By applying 
statistical learning and data mining methods to old residential areas, the importance of the effect of housing 
indices on residential areas morphology and openness illustrates and the flexibility of this method for 
international comparisons explores. The differs type of layouts discussed as well as the effect of density indices. 
Chapter 4, in a larger international context, review the transition of housing layouts in Iran with the special 
focus on Tehran and demonstrates the analysis results in residential areas in Tehran.  Chapter 5 presented the 
housing in Japan and reviewed the transformation of residential layouts in Japanese housing. Then, we discuss 
the typology of dwellings and residential layouts and analyzes the result of a theoretical model for selected 
residential buildings. 
The dissertation is concluded with Chapter6, which synthesize the findings and result in an analysis 
of chapters three, four and five with highlighting the different lessons learned through the research process 
and recommendations for future studies. Besides the developing new density indices that help us to evaluate 
the physical form of residential area and define density as a multivariable measurement phenomenon, the study 
highlighted the effect of density on urban areas and its role in regulations as well as academic researches. Also, 
the limitations and avenues for future research are discussed. 
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Chapter 2  
Methodology 
 
2.1. Introduction 
Physical aspects of density are controlling through a number of dwellings, maximum building height, 
setbacks, building coverage and floor area ratio. Within the residential areas, variations in form are possible 
which could affect density. The diversity of shapes and layouts in a residential area is the result of applying 
multiple indices, and new methodologies and tools for analyzing this complexity. 
Therefore, the physical form and arrangement of residential buildings and their relationship with open 
space should be deliberated in new housing developments (Wooley 2003). Recognition of housing typology 
requires a definition of the description of formal and spatial elements and their relationship. It is necessary to 
specify the housing layout types and classify dwellings based on common characteristics and forms to clarify 
the effect of building arrangement within residential areas on the quality, size, and form of open space.  
The main differences in building arrangements are the passage of the light while maintaining privacy, 
and the level of open and close spaces adjacent to each other. Private and semipublic-semiprivate spaces that 
are formed because of spatial form of space create opportunities for social communications. Hence, the housing 
layout that provides more light and sufficient natural air ventilation with more open space is favorable. 
Residential open space as the setting of dwelling is related to form, shape, plan, structure, and 
functions of the built environment and has a positive impact on residential environment quality (Trancik 1986, 
Gehl 2011, Pakzad 2007). While in residential areas, it may be a yard for single dwellings or a shared yard in 
residential complexes, open land that is surrounding the apartments, gardens, 
unroofed parking within the residential lot, voids or a playing area for children.  
Open space within residential areas not only provides air, natural light, ventilation, and vistas to the 
urban scene but also it helps to make the chance of interactions between residents and improve 
the environmental quality and quality of life. Meanwhile, open spaces have lots of benefits such as aesthetic, 
psychological, ecological, economic, recreational, the main purpose of this paper is structuring development 
and form of open spaces.  
The definition of open spaces within a residential environment in this research includes private open 
spaces (yards, gardens, etc.), roads, and public open spaces in selected areas. Currently, it is estimated that 
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80% of open space within urban areas is in the form of streets. Accordingly, to calculate the total area during 
estimation, we considered half of the road in front of each lot. 
Moreover, another controversial issue is the open and closed space interfaces which mostly affected 
by form, walls, and edges of closed space. Open space is a void that forms by three-dimensional surfaces of 
closed spaces around. Designing open space by surrounding buildings' walls is one of the enduring principles 
of urban design and create a combination of impressive urban spaces. Space is perceptible through its borders 
and quality and spatial boundaries playing a critical role in defining the space.   
As will show in this chapter, floor area ratio, and building coverage ratio as two main density indices 
have some serious shortcoming when it comes to establishing a relationship with housing layout and open 
space morphology. To relate density, housing layout and residential open space morphology we need to 
provide a method to investigate new numeric variables as relevant tools for urban planners, designers, and 
architects. 
Instead of limiting the maximum level of density, an alternative approach is considering the housing 
layouts and open space morphology to design residential areas with high environmental quality. The means to 
do is to develop new density indices by physical attributes of a residential area that includes spatial openness 
and possibility of the window when the latter was successfully implanted for low-rise housing in Japan by 
Professor Sugiyama. (Sugiyama 1986) he was able to reveal the effect of density on housing layout.  
Sugiyama’s research was related to housing planning and multiple-unit planning. By reviewing 
housing trend in Japan, he investigates the relation between density indices and space morphology and found 
that by the time with changes in Japanese residential areas and an increase in building coverage ratio, the form 
of residential open space changed, and its rate faced a decline. He claimed that as a result of high rate of 
urbanization and a higher rate of density in cities and residential environments it is necessary to consider the 
residential outdoor areas. 
2.2. Method of analysis 
If the definition and description given earlier are accepted, a comparative research could be a useful 
way to test the validity of any framework. In particular, the comparison between different countries will give 
some perspective on theories derived from occidental cultures and housing layouts. As long as Japan and Iran 
could be regarded as well-developed and developing countries, we would expect to find the corresponding 
residential environments while these societies extend from the past to the present day. 
Our analysis includes systematic variation in layouts as a result of different placement in the site, 
changes in depth of buildings, number of floors and floor plan characteristic that could have significant effects 
on density and layout patterns. The definition of the residential site area is a total land area devoted to 
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residential facilities. This include dwelling’s lot area, yards, private gardens, driveways, dwelling’s parking 
area and play areas. Residential open spaces are unbuilt areas nearby the dwellings and incorporate yards, 
private gardens, voids, unroofed residential parking’s, adjacent open public spaces, pathways, roads within the 
residential site and half the width of the surrounding roads. 
To examine the role of density on residential open space, usually, we include the land coverage ratio, 
floor area ratio in the analysis which seems to be inadequate since does not allow us to differentiate between 
different spatial layouts. An alternative approach is used by more variables to describe a residential 
environment. Also, to show a range of layout patterns, different building types should be represented. For this 
purpose, we used three basic layouts: pavilion, street, court; which proposed by Martin and March and we 
discussed them in the previous chapter.  
Then through the research, based on the Japanese housing, middle east housing and modern 
international type of housing we renamed the morphological patterns and also added two more types to include 
the contemporary type of dwellings. Finally, the basic types of layouts which represent the intermediate 
characteristic of residential areas are: 
1-linear 2- courtyard 3- scattered 4- massive linear   5- super massive. (Figure2-1) 
The five layouts are different in various aspects; nevertheless, the organization of built form is the 
particular interest of this research. 
Linear typology was popular during the early twentieth century, particularly in European countries 
where obtaining sun and natural light had a priority in building orientation. In this form, the dwellings could 
face the front of each other or streets and pedestrians path.  Sometimes the linear block can be arranged to 
front with providing the surveillance of a neighboring open space or street when it does not happen is some 
cases. In linear layouts, density is controlled by the width of the lot, and due to the two-side access of buildings 
to natural light and fresh air, the block arrangement is easier. 
In courtyard houses, a group of buildings could be individualized, or as a group of buildings which are 
located around a same garden or void that could have be used as a semi-public open space or parking’s. 
Courtyard space is enclosed and plainly defined, therefore the rate of openness is higher and providing natural 
light and ventilation is possible.  
Figure 2-1. Five built form with the same building coverage and floor area ratio 
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In scattered pattern where buildings are spread out and divided open space into tiny spaces, although, 
access to the sunlight and air ventilation is easier and spatial diversity is higher, spatial openness is low and 
open space is shared. This type of layout is essential when demand for private open space is less prevalent.  
In addition, the massive linear topology consists of series of apartments with well-defined open areas 
when buildings could face the front or not. This form illustrates an important released land area which defines 
as open space, the residential environment is more quiet and safe and has a higher profit for developers. 
From twentieth century, high-rise residential buildings (In this research it known as super massive 
layout) that have been developed to achieve the desired density and present a new form of residential area that 
provide air and light, unconstrained open spaces around houses, more communal spaces and accommodating 
more cars. As with the massive linear type, super -massive dwellings type (high rise buildings) that represented 
as single buildings with higher depth creates a variety of opportunities in case of open space. 
 One problem with linear and massive types is the availability of cross-ventilation and reducing solar 
obstruction the while Such compromises are unavoidable given the physical limitations of these layouts (depth 
of building) and can be alleviated by light wells. 
The arrangement of a fixed number of floors of residential buildings in the same site area with the 
same depth of block and floor height leads to the formation of a large variety of residential open spaces (Figure 
2.1). Contrary to the common belief, changing the building arrangement not only does not increase in FAR 
and BCR, but also the mathematical relationship between them remains the same. Figure2.1 shows five 
settlements with the same building coverage ratio and floor area ratio of 28% and 114%, but in various urban 
forms: Linear, courtyard, scattered and massive linear and super massive 
To compare the different layouts, we can employ many factors by regarding the impact of arrangement 
and architectural criteria such as enclosed spaces, height of buildings, and the lack and presence of open space 
and greenery. 
Walls, when considered as a part of the physical form of buildings associated with the height of 
buildings, determine the open space. Walls make up a large proportion of built areas and so they need to be 
considered carefully. The first perception of space quality is related to streets and buildings proportions, height 
of buildings, and perimeter of walls. Furthermore, one of the architectural elements of buildings is a window. 
Windows not only provide natural ventilation and allow daylight to penetrate the space but also offer 
opportunities for surveillance, a view to the exterior and establish a relationship with the adjacent areas. 
Looking through a window, we can observe the activities going on in the street and connect the indoor space 
to outdoor space  
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As the size and number of windows in buildings increase, the perception of density both inside and 
outside the buildings increases. As shown in Table 1, when the FAR and building coverage is the same for all 
four types of housing layouts with the same height of buildings and width of the block, two factors reveal 
certain aspects of the problems: the form and proportion of open area and openness; the wall length and 
perimeter, which is linked to the possibility of windows. 
While a wide range of analytical methods is existing, we rely on the work of Sugiyama (Sugiyama 
1986) and Tokouno (Makio 2006). Professor Sugiyama and professor Tokouno argued that by decreasing rate 
of open space in housing layouts, building coverage goes up and consequently by the higher length of walls in 
dwellings there is a higher possibility of the window. They suggested applying new building morphology 
indices to represent the quantitative relation of building form and open space. 
Following their studies, we tried to develop a theoretical model and measure spatial openness and 
possibility of windows which are correlated to building layouts. To estimate spatial openness and possibility 
of windows, we introduced spatial openness index (SOI) and wall perimeter index (WPI).  
The dependent variables in this analysis are the density measures which are the possibility of windows 
and spatial openness in residential areas. There is an assumed relationship between housing layout, the 
possibility of windows and spatial openness. 
The Spatial Openness as a quantitative index is the average share of open space in the space around 
the residential building in the city and can be utilized for comparison of optional spatial configurations.  
The WPI represents the volume of space potentially observed from viewpoints inside the buildings 
looking out to space around. The wall perimeter ratio is the ratio of total floor area of built-up areas in 
residential environments out of the perimeter of buildings. Wall perimeter index for the first time proposed by 
professor Sugiyama and developed by professor Tokuono. 
2.3. Definition of variables 
The building density measures contribute to averages over a lot area. Common attributes of building 
density are outlined as follows: (Figure 2-2) 
Block area (S): 
Block area or site area is the sum up of built and non-built areas (roads, parks, distance between 
buildings, yards, gardens, etc. 
Building Coverage (C): 
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The rate of building coverage is the same as built floor area (footprint). 
Building coverage ratio (BCR): 
The area of built area to the site area. BCR is usually expressed as a percentage. 
Floor area (V): 
Floor area is the sum of the area of all floors of building or buildings in a lot. 
Floor area ratio(FAR): 
The ratio of total built floor area (gross floor area of development) to the site area. FAR is also mostly 
expressed as a percentage and a higher ratio indicates higher density. 
Perimeter of buildings (L): 
Buildings wall perimeter is calculated based on the length of the outer walls that shaped the building 
2.4. Alternative method 
The statically model developed in three steps:  
2.4.1. Step1 (Comparison the old residential areas in Tokyo and Tehran) 
When the range of possible dwelling forms we could have explored is quite extensive, for this research, 
we select three basic types of layouts which represent the intermediate characteristic of residential areas which 
Street depth 
Setback 
Space 
Between 
Building
s 
Backyard 
depth 
Depth 
of lot 
1. S: Block Area                                                                  
2. C: Building Coverage 
3. L: Perimeter of Buildings 
4. V: Total Floor Area of all Buildings 
Figure2-2. Physical variables 
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are: linear, courtyard and scattered. These forms cover the same proportions of the ground area (Figure 2-3) 
(Payami Azad et el. 2016). 
As shown in Table 2-1, when the FAR and building coverage is the same for all three types of housing 
layouts with the same height of buildings and width of the block, two factors reveal certain aspects of the 
problems: the form and proportion of open area as openness; the wall length and perimeter, which is linked to 
the possibility of windows. 
For example, in 4 floors buildings (The average number of floors in medium-rise buildings with 
different layouts, FAR and BCR supposed to be the different, while, of all housing layouts presented, there 
appears to have been a similarity in BCR and FAR. 
If developed with buildings of the same height (for instance four-floor buildings) the scattered form 
would provide the highest possibility of windows as a result of higher wall length by 0.35, and the courtyard 
form by the rate of 0.25 has the lowest possibility of windows. 
On the other hand, spatial openness, in scattered form with 1.75 is less than courtyard with 2.5 and 
liner type of 2.15. (Figure 2-4) 
Table 2-1. Applying Wall Perimeter index and Spatial Openness index on different types of layouts 
Type A B C 
S (Block Area) 60x 70= 4200 
C (Building Coverage) 8 × 50 × 3 = 1200 8× (40 × 2 + 35 × 2) = 1200 8 × 18.75 × 8=1200 
LA (Perimeter of Buildings) (4 
floors) 
(8 × 2 + 50 × 2) × 3 × 4 = 
1392 
((40 × 2) + (51 × 2) + (24 × 2) 
+ (35 × 2)) × 4 = 1200 (16 + 37.5) × 8 × 4 =1712 
V (Total Floor Area of all 
Buildings) (4 floors) 8 × 50 × 3 × 4 = 4800 
8× (40 × 2 + 35 × 2) × 4 = 
4800 8 × 18.75 × 8 × 4=4800 
Floor Area Ratio (FAR) V/S   114% 114% 114% 
Building Coverage Ratio (BCR) 
(C/S)   28% 28% 28% 
WPI (Wall perimeter index) 0.29 0.25 0.35 
SOI (Spatial Openness Index) 2.15 2.5 1.75 
S= Block Area                                                                   
C= Building Coverage 
L= Perimeter of Buildings (4 stories)                                              
V=Total Floor Area of all Buildings (4 stories) 
Wall perimeter index:  L/V                                                 
 Spatial Openness Index: (S-C)/L 
 
Figure 2-3. Arrangement typology in Residential complexes (4 floors) 
A: Linear             B: Courtyard          C: Scattered 
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2.4.2. Step 2 
During the reviewing, the transition of housing layouts in Iran, based on the variety of dwelling types 
we added the massive linear type. Therefore, we categorized housing layouts into four main groups: linear, 
courtyard, scattered, and massive linear. (Figure 2-5) 
In the previous step, to estimate the spatial openness index (SOI) and wall perimeter index (WPI), we 
calculated the indices depending on the perimeter of all the floors. In the current step, since the research deals 
with the arrangement of buildings in low-rise and mid-rise residential areas, wherein the building coverage 
and area of the first floor shape the layouts, the perimeter and floor area of the first floor (building coverage) 
are considered in the mathematical analysis.  
Wall perimeter index WPI1, which illustrates the possibility of windows, is equal to the total perimeter 
of the first floor of residential buildings divided by the total building coverage. As demonstrated in the model 
(Table 2), the rate of WPIA (considering the perimeter and floor area of all the floors) and WPI1 is almost the 
same. 
To measure the spatial openness index SOI, we could divide the open space area (block area including 
the roads minus built area) by the total perimeter of the first floors of buildings. Referring to the estimations 
(Table 2-2), there is a noticeable difference between SOI1 and SOIA (considering the perimeter of all the floors); 
therefore, it could be assumed that calculating the SOI depends on the perimeter of the first floor (SOI1), which 
mainly affects the housing layout. 
Overall, the spatial openness in massive linear topology is higher than in the other three categories. 
The scattered topology by far has the lowest SOI1 among all the types; its SOI1 at 7 is less than that of the 
Figure 2-4.SOI and WPI for various types of layouts (Three types) 
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massive linear type at (12.09), whereas in linear and courtyard types it is approximately 8.62 and 10, 
respectively. 
The scattered form, with a higher length of walls, has the highest WPI of 0.35. However, the WPI in 
linear and courtyard types are slightly higher at 0.29 and 0.25, respectively, compared to the WPI of massive 
linear type (0.20) (Figure 2-6). 
Thus, we could analyze the spatial openness of residential open space and the possibility of windows 
in residential areas based on the housing layout types, SOI, and WPI. This method is adaptable for low-rise 
and medium-rise dwellings.  
 
 
 
 
Table 2-2. Same FAR and BCR in different layouts (Applying Wall Perimeter Index and Spatial Openness 
Index) 
Type A B C D 
S (Block Area) 60 × 70 = 4200 
C (Building Coverage) 8 × 50 × 3 = 1200 8× (40 × 2 + 35 × 2) = 1200 8 × 18.75 × 8=1200 12 × 50 × 2 = 1200 
LA (Perimeter of Buildings) (4 
floors) 
(8 × 2 + 50 × 2) × 3 × 4 = 
1392 
((40 × 2) + (51 × 2) + (24 × 2) 
+ (35 × 2)) × 4 = 1200 (16 + 37.5) × 8 × 4 =1712 (12 × 2 + 50 × 2) × 2 × 4 = 992 
L1 (Perimeter of Buildings)(1st 
floors) 
(8 × 2 + 50 × 2) × 3 = 348 (40 × 2) + (51 × 2) + (24 × 2) + (35 × 2) = 300 (16 + 37.5) × 8 = 428 (12 × 2 + 50 × 2) × 2 = 248 
V (Total Floor Area of all 
Buildings) (4 floors) 
8 × 50 × 3 × 4 = 4800 8× (40 × 2 + 35 × 2) × 4 = 4800 8 × 18.75 × 8 × 4=4800 12 × 50 × 2 × 4 = 4800 
Floor Area Ratio (FAR) V/S   114% 114% 114% 114% 
Building Coverage Ratio 
(BCR) (C/S)   
28% 28% 28% 28% 
WPIA (Wall perimeter index) 0.29 0.25 0.35 0.20 
WPI1 (Wall perimeter index) 0.29 0.25 0.35 0.20 
SOIA (Spatial Openness Index) 2.15 2.50 1.75 3.02 
SOI1 (Spatial Openness Index) 8.62 10 7 12.09 
WPIA= LA/V (Possibility of windows based on the perimeter of walls in all floors) 
WPI1= L1/C (Possibility of windows based on the perimeter of walls in first floor) 
SOIA= (S-C)/LA (Spatial openness based on the perimeter of walls in all floors) 
SOI1= (S-C)/L1 (Spatial openness based on the perimeter of walls in first floor) 
   
Figure 2-5. Arrangement typology in Housing Layouts—The same number of floors (4 floors) built as: 
A: Linear             B: Courtyard            C: Scattered             D: Massive Linear 
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2.4.3. Step 3 
In the last step, during the study on Japanese housing to adopt the theoretical model to Japanese style 
housing, one more type has been added to housing layouts as super massive (Figure 2-7) 
 
 
 
Table 2-3. Similarity of FAR and BCR in various housing layouts (Applying Wall Perimeter Index and Spatial 
Openness Index) 
Type A B C D E 
S (Site Area) 60 × 70 = 4200  
C (Building Coverage) 8 × 50 × 3 = 1200 8× (40 × 2 + 35 × 2) = 1200 8 × 18.75 × 8=1200 12 × 50 × 2 = 1200 
24× 50 = 1200 
LA (Perimeter of Buildings) 
(5 floors) 
(8 × 2 + 50 × 2) × 3  
× 5 = 1740 
((40 × 2) + (51 × 2) + 
(24 × 2) + (35 × 2)) × 5 
= 1500 
(16 + 37.5) × 8 × 5 
=2140 
(12 × 2 + 50 × 2) × 2 × 5 
= 1240 
(24 × 2 + 50 × 2) × 4 = 
740 
L1 (Perimeter of Buildings) 
(1st floors) 
(8 × 2 + 50 × 2) × 3 = 
348 
(40 × 2) + (51 × 2) + 
(24 × 2) + (35 × 2) = 
300 
(16 + 37.5) × 8 = 428 (12 × 2 + 50 × 2) × 2 = 248 (12 × 2 + 50 × 2) = 148 
V (Total Floor Area of all 
Buildings) (5 floors) 
8 × 50 × 3 × 5 = 6000 8× (40 × 2 + 35 × 2) × 5= 6000 
8 × 18.75 × 8 × 
5=6000 12 × 50 × 2 × 5 = 6000 
24 × 50 × 5 = 6000 
Floor Area Ratio (FAR) 
V/S   
143% 143% 143% 143% 143% 
Building Coverage 
Ratio (BCR) (C/S)   28% 28% 28% 28% 28% 
WPIA (Wall perimeter 
index) 
0.29 0.25 0.35 0.20 0.12 
WPI1 (Wall perimeter 
index) 0.29 0.25 0.35 0.20 0.12 
SOIA (Spatial Openness 
Index) 1.72 2 1.40 2.42 4.05 
SOI1 (Spatial Openness 
Index) 8.62 10 7 12.09 20.27 
WPIA= LA/V (Possibility of windows based on the perimeter of walls in all floors)   
WPI1= L1/C (Possibility of windows based on the perimeter of walls in first floor)  
SOIA= (S-C)/LA (Spatial openness based on the perimeter of walls in all floors)    
SOI1= (S-C)/L1 (Spatial openness based on the perimeter of walls in first floor) 
 
Figure 2-6. SOI and WPI for various types of layouts (Four types) 
Figure 2-7. Arrangement typology in Housing Layouts—The same number of floors (5floors) built as: 
A: Linear                       B: Courtyard               C: Scattered                   D: Massive Linear        E: Super Massive 
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For linear type, we have chosen extremely narrow lots which are represented in 8x50 (m2) floor plans 
and three blocks. Courtyard layout comes in area range of 900 m2, while the scattered type comes in 8 different 
buildings of 8x18.75(m2) floor plans. The massive linear type consists of two-row buildings with 9x50(m2) 
floor area when in the super-massive layout, the 24x50(m2) formed by a row of concentrated buildings. 
As illustrated in theoretical model (Table 2-3), the rate of WPIA (considering the perimeter and floor 
area of all the floors) and WPI1 was almost the same. Since they depend on the typology of residential building, 
building arrangement and there is a close correlation between wall length and the chance of window, the WPI1 
index appeared to be meaningful. 
Referring to the estimations (Table 2-3), there was a noticeable difference between SOI1 and SOIA 
(considering the perimeter of all the floors); therefore, it could be assumed that calculating the SOI depends 
on the perimeter of the first floor (SOI1), when the value of the wall perimeter index (WPI1) for scattered type, 
with a higher length of walls, is the highest by 0.35 and linear, courtyard type and massive linear have the 
lower index (0.29,0.25 and 0.20) when the lowest is for super- massive type at 0.12. These values are very 
similar to the values found based on the wall perimeter of all floors (WPIA). In spite the fact that, there is not 
an association between building height and the possibility of windows, the less possibility of windows and 
subsequently WPI are described by less length of walls. 
The spatial openness index for super-massive type has a value of 20.27 and is higher than in the other 
four types of layouts. The SOI1 value for linear, courtyard and massive linear types is 8.62, 10 and 12.09, 
whereas in scattered type it hits bottom at 7. (Figure 2-8) 
In step 1 and 2, we assumed that we could expand this method for another type of layouts on the 
international scale of residential environments. For this reason, there could be a possibility of analyzing various 
Figure 2-8. SOI and WPI in various type of layouts (Five types) 
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type dwellings in Japan and distinguishing the effect of housing layout and type, on the possibility of windows 
and spatial openness in Japanese residential environments. Moreover, while before we analyzed residential 
blocks, in step 3 the samples were residential lots to exam the capability of the theoretical method on a smaller 
scale. 
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Chapter 3  
A Comparison Between Old Housing Layouts in Tokyo and 
Tehran 
 
3.1. Introduction 
In old residential areas, in response to human needs, the development and culture have been interacted 
without losing the originality. Traditional residential environments have been and continue to be, the subject 
of interest of studies from a wide variety of disciplines. Those are oriented toward the research of built form, 
density and its attributes are performed based on the history, culture and urban regulations. Traditional and 
old areas were mostly the core of forming the cities and shaped to respond the social and cultural demands of 
society that had a prominent role on the morphology of these environments. The buildings arrangement in a 
plot or urban block shapes the city’s built-area and mostly affected by building coverage, floor area, buildings 
orientation and height of buildings. 
On the other hand, countries all around the world have faced fundamental changes in housing layout 
and morphology. After the second world war, the urgent needs in the years after the war with technology 
development in Europe led to less attention to the housing models. The principal purpose of housing is creating 
a compatible residential environment with meeting residents needs and answering their qualitative and social 
demands. Understanding how open-space conservation affects the dynamics of residential development has 
obvious implications for economic welfare and land-use planning (Lewis 2009). 
 Besides that, considering lands to open space, urban green areas and infrastructure for residential 
complexes residents decreased significantly, while constructing high rise residential buildings went up. The 
most vital factor in low or high-density residential areas is the typology of the residential environment. In some 
residential environments, even though the real density is not high, the resident’s feelings of it, are different. 
Therefore, there is a need to apply innovative indices to evaluate the quality of space in residential 
environments.  
The purpose of this study was to analyze old residential environments of Japan and Iran to realize and 
compare the typical form of dwellings. We have used the library method for studying the theoretical 
framework, literature review and studying the selected areas of our case study and field survey method for 
field observations and visual perceptions to understand and analyze different aspects of the selected areas. The 
emphasis has been mainly on identifying indices that could be utilized in understanding and measuring the 
openness of the residential environment for a high-quality residential area. This approach was seen as 
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particularly important, gave the paucity of open space in the residential environment in most countries. It has 
made it possible to study several alternate indices; to find out which index is more transparent and operational 
for analysis.  
3.2. Study Area 
To examine the role of density on residential open space, usually, we include the land coverage ratio, 
floor area ratio in the analysis while as mentioned in chapter 2, distinguishing various types of layouts based 
on floor area ratio and building coverage ratio is impossible. An alternative approach is used by more variables 
to describe a residential environment. 
We will use wall perimeter index (WPI) and spatial openness index to compare the housing layout 
typology and also make an international comparison between Iran and Japan.  
Wall perimeter index:  V/L             
Spatial Openness Index: (S-C)/L      
S= Block Area                                                                   
C= Building Coverage 
V=Total Floor Area of all Buildings  
L= Perimeter of Buildings (All floors)     
Samples were selected from two old districts in Tehran (District 12), Iran and Tokyo (Tsukishima 
Nagaya), Japan. These two districts were chosen because both of them had traditional residential areas with 
almost same building coverage ratio and floor area ratio. In contrast with extroversion characteristic of 
traditional Japanese housing and interior-exterior relationship, in old Iranian residential environment, the 
dwellings are mostly introverted while culture and religious thoughts are the main reasons for this isolation.  
Japanese residential areas are accommodating a wide range of layout forms and building lots, and 
every block has a unique pattern of division. Building layouts and arrangements are strongly associated with 
residential open spaces as setbacks and backyard, and the distance among adjacent buildings is short.  In 
contrast, in Iranian residential environments are a line of dwellings alongside the street with the similar module, 
scale, and elevation which are connected to each other. There is a symmetrical division in urban blocks and 
buildings should follow the same rules and modules and buildings have front or rear facades. 
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As long as different cultures have different approaches in using boundaries in residential environments, 
while Iranian are using tall walls with approximately 3m height around residential lots, it is rare in Japan, and 
no wall, fences or low front walls are more common in Japan. 
3.2.1. Ditrict12- Tehran 
 District 12 is one of the old districts of Tehran which is located in the heart of the capital and used to 
be the main constituent core of Tehran as a city with 16,000,000 m2 areas and 270,000 populations when 30 
percent of this area is residential. Same as other parts of the city, the residential blocks are located between the 
urban and local axes close to commercial zones that define the district 12 land use as a mix of commercial and 
residential. (Tehran planning regulation 2012) (Figure 3-1 and 3-2).   
The arrangement of residential buildings in this district is centralized and houses more or less have 
yards. The general direction is northern-western to be southward to receive the maximum level of the solar 
Figure 3-1. Residential Block-District 12- Tehran. Iran 
Figure 3-2. District 12-Tehran, Iran 
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radiation. This pattern is characteristic of a considerable part of Tehran’s old pattern. The streets are narrow, 
and in some cases, there is no car path. (Figure 3-3).      
3.2.2. Tsukishima, Tokyo 
 Tsukishima neighborhood that established in Edo period as a landfill build up was begun in 1887 is 
Japan’s traditional Nagaya row house that survived as a historical working-class community. After 1854, with 
examining the foreign examples and ideas in the housing by Japanese practitioners, culture, society, and 
economy also influenced the housing type. (Figure 3- 4) 
Figure 3-3. Narrow streets in District 12, Tehran 
Figure 3-4. Residential Block-Tsukishima Nagaya. Japan (Reference: Maeda et al. ,1994) 
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 In Tsukishima, dwellings with a low-rise density that consisting of two stories dwellings (terraced 
houses) and a narrow street called a Roji can be found. Wooden housing is predominating, and each unit is 
36.4 m deep, separated by alleys and housing sites in 7.28 to 9.10 m-wide blocks. The entrance end of each 
dwelling faces an alley on the south. The custom is to have few windows on the north end of the houses. 
(Figure 3-5 and 3-6)     
 
 
Figure 3-5. Section of residential block in Tsukishima Nagaya 
Figure 3-6. District Tsukishima-Tokyo, Japan 
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  In line with typical housing typology and in contrast with residential environmntes in Iran and 
European countries, buildings are not attached and there is a space between them, there for there is an access 
to all sides of buildings.It could be adressed to humid  climate of Tokyo and other Japanese cities and provide 
natural light and ventillation from all directions.  
The distance of two adjacent building in Tsukishima, is too short which reach a minimum of 30 cm 
between some buildings. These areas are using for placement of stair cases, gas thanks, storage or use as small 
gardens and service pipes are running. (Figure 3-7) 
3.3. Results 
In these two districts, the average building coverage ratio and floor area ratio are almost the same by 
60 percent and 120 percent. Moreover, the wall perimeter index in Tehran is 4.21 and in Nagaya is 1.79, that 
shows the possibility of the window in Nagaya is easier. In contrast, the spatial openness index in Tehran by 
4.21 is approximately three times more than Nagaya by 1.79. Therefore, while the possibility of windows in 
Figure 3-7. Small distance between buildings in Tsukishima district 
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Tehran is less than Nagaya, the spatial o openness is higher. It should mention that due to effective role of 
roads on the share of open area in neighborhoods, the roads area is also considered in estimations. (Table 3-1) 
(Figure3-8) 
Table 3-1. Applying wall perimeter index and spatial openness index on samples 
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District 
12 Tehran 22 High Centralized 2.01 6555.5 3257 60 122 8441 2001 4.21 1.64 
Nagaya Tokyo 23 Low Linear 1.82 887.4 574.08 70 125 1096 610 1.79 0.51 
From the survey results, we also assume in residential areas, buildings arrangement creates spatial 
diversity and variety of private and public spaces, so it is necessary to inspect their outdoor space. The distance 
between blocks and streets width also should be considered in housing laws to provide winter sun exposure, 
privacy and natural ventilation. 
In areas with severe weather and centralized layouts in houses, the demands for windows are less. 
Therefore, indoor openness is less while in areas with mild weather wide windows are more preferred. It should 
be noted that this method is just applicable for low rise housing (houses with Maximum two stories). 
This step of research is the basis for future studies on analyzing residential open spaces with 
developing and applying new indices such as SOI and WPI to distinguish housing layouts easily and enrich 
the space quality in a residential environment.  
 
Figure 3-8. WPI and SOI ratio in target districts in Tehran and Tokyo
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Chapter 4  
Lessons from Iran-Tehran 
 
4.1. Introduction 
Numerous scholars have been studied Tehran’s urban development and residential areas while the 
main concentration was on urban legislation and following transition throw history and there are a few studies 
with a focus on the physical characteristic of the city, especially in residential areas. There is also no 
quantitative data regarding residential open space in Iran, which makes the analyses difficult.  
This chapter looks at the history of housing in Tehran and Iran with reviewing the transition process 
of housing layout and discusses the role of density in this process. We further look at how urban legislations 
in Iran has changed and how this has affected the residential environments and dwellings form. 
Tehran is just an example of Iranian cities, and other cities have different historical backgrounds and 
have their specific development and transition process. Even though, Tehran could serve as a suitable reference 
for other Iranian cities and many changes that happened in Iran. 
4.2. Housing in Iran and Tehran 
In Iran, housing construction is done in three sectors: private, cooperative and government while the 
housing policy is legislated by government and municipalities. The general housing policy is formed as one 
of the most critical issues in the five-year development programs of Iran which have been legislated and run 
in five programs before the Islamic Revolution and four programs after that. 
It can be noted that modern societies take form in large cities, and therefore, Iran’s future is being 
formed in Tehran. Tehran as the capital of Iran could be considered as a young metropolis while 40% of 
national activities take place in it and has attracted most of the population in the Iran’s urban areas. From 1900 
to 2013, Tehran’s population from 200,000 and 2% share in total population of the country reached to 12% 
and 8.5 million residents. The vast migration from small cities and villages to the capital because of capital’s 
unique attraction and educational facilities were the reasons for this population explosion.  
Owing to experiencing a tremendous population growth in Tehran, many constructions happened in 
the city (Figure 4-1), and many apartments were built to answer residents housing demands. Enormous rate of 
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newly built dwellings caused a decline in the amount of available open space, especially private open spaces 
as yards, gardens and open-roof parkings.  
While private yards were on of the most vital sections of Iranian traditional housing and considering 
the climatic situation were occurred there, in the contemporary Iranian neighborhoods with a decrease in 
home’s inner space, shared common open spaces have been increased. This change could be addressed to land 
price and economic limitations when the private courtyard is not affordable for most Iranian Families. 
4.3. The transition of housing layouts 
It is necessary to understand the progress of development patterns, urban laws, and legislation to 
interpret the provision of open space in residential areas. Unlike neighboring countries in middle-east, Iran 
experienced an exclusive modernization process that mostly happened in 1921 during Reza Shah’s dynasty. 
In Iran, housing typologies have transformed over time (Figure 30) Historically, in the 19th century, 
through improvements in Iran’s relationships with Western and European countries, revolutions in social life, 
political, cultural, economic respects, and consequently architecture and urban laws in Iran occurred that 
resulted in fundamental changes in the country. Before world war II, the first step of modernization which 
Figure 4-1. The Number of residential units in building permissions in Tehran from 1990 to 2013 
Figure 4-2. The changing pattern of building form, from (A) an inward-looking, low-rise courtyard house to 
(B) an outward-looking, medium-rise house with balcony, to (C) outward medium-rise house (Madanipour 1998), 
to (D) high-rise apartment buildings and finally (E) large-scale apartment buildings (Ghazizadeh and Rückert 2013). 
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formed the framework of Tehran’s development was predated in three main phases: 1550s with making walls 
around the city, 1870s by expanding the walls and then in 1930s with constructing urban infrastructure 
(Madanipour 1998 and 2006, Haeri 2010). 
The first steps of modernization were taken in Iran, during Naser-Din-Shah dynasty after his trip to 
Europe in the 1870s. At the beginning of the 20th century, Iran experienced remarkable changes as a part of 
Reza Shah’s modernization program. Legislations, population growth, technological developments, and usage 
of electricity had a crucial role in the transformation of housing layout. Madanipour (1998) argues that planners 
and designers who were Western or educated in Western countries also had positive influences on Tehran’s 
development in the 20th century. All the aforementioned factors caused dramatic changes in Iranian housing. 
Space hierarchy, height modification, openness, the enclosure of spaces, and many other factors have been 
neglected.  
From the last years of Qajar dynasty to 1961, as a result of an increase in development budget a new 
style of housing started in Iran and this period was called a transitional period (Haeri 1997, Soltanzadeh 2005, 
Madanipour 1998, Costello 1998).  
The primary residential unit was a courtyard house with several stories, and its residents were members 
of the same family (Clark and Costello, 1973). The common orientation of the house was east-west in the 
direction of winds and right angles to the mountains, which resulted in the shape of lots and supported the 
checkered texture of city through streets and land parcels (Costello 1998). 
In 1953, for the first time in Iran, regulations were proposed for governing the massing and spatial 
arrangement of residential developments. Land subdivision created uniform parcels of land for some 
government schemes where same rows of buildings were built. Residential lot size exhibited an increase with 
a geometrical shape (mostly rectangular) that influenced the spatial characteristics of dwellings.  
Initially, cars were often nestled out of residential lots in the streets whereas later, in the first Tehran 
comprehensive plan, the position of cars inside the houses was confirmed owing to changes in transportation 
habits (Ghazizadeh and Rückert 2013). As a result of increasing car ownership, in order to provide access to 
the street from each plot, the buildings were in the northern part of a lot and 40% BCR for ground coverage 
was specified as 40% of the plot area on the north side.  
In the first master plan of Tehran, which as suggested by Farmanfarmaian and Gruen in 1968 proposed 
a linear extension of the city toward the west, residential area density was a combination of low, medium, and 
high-density (Costello, 1998). The control of the development was the implementation of four-yearly interim 
plans. The smallest unit of the community was designed by the catchment area of primary and secondary 
schools. These new regulations influenced the building coverage and building density. The building is in the 
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northern part of the lot, and the share of open space is 40% of land and building coverage is a maximum of 
60%. These changes had a remarkable impact on the spatial organization of residential areas. (Figure 4-3) 
(Tehran Municipality 2012). 
 
Figure 4-3. Regulation and built forms governing open space on plots (Tehran municipality, Shayesteh 2015) 
 
The definition of residential open space as a courtyard changed owing to the transition of residential 
units in modern architecture. The central courtyard is now located in the front, and multi-storied apartment 
buildings became the dominant type of preferred housing when the usage of yards has declined to more 
functional activities including car parking, natural light and ventilation void. (Ghazizadeh and Ruckert 2013) 
In recent decades, apartments have become more favorable, and the physical characteristics of houses 
have changed significantly. Owing to changes in Iranian lifestyle and demands such as expectations in the 
standard of heating and lighting with a more significant use of electrical appliances, the role of cars, and a 
higher rate of car ownership, the resulting changes in housing layouts can be addressed.  
In the new type of residence, each household has living areas and a shared yard (as opposed to the 
private courtyard of traditional houses), which belongs to all the families living in an apartment building. The 
yard as a residential open space is on one side of the plot, and the building is on the other side. Some Iranian 
architects such as Haeri (Haeri 2010) believed that current residential open spaces differ from the past, and 
yards are mostly for cars and connect the street and parking.  
As a rule, the laws in residential areas are more focused on the location of buildings on a residential 
lot (northern part of the lot in general), building coverage, FAR, the number of floors, and main façade of the 
residential building. In contemporary residential buildings, daylighting is confined to façade windows from 
only one or two sides. Regarding that, as a regulation considering a patio in the southern part of the lot is 
necessary to provide natural light for back rooms of dwellings. The minimum depth of this void is two meter 
which is not changed by increasing the number of floors. 
4.4. Land Subdivision 
Subdivision of land in various locations inside and outside the city, built lands and underdeveloped 
areas of the city, is different. Several factors affect the breakdown of urban land, including topography, land 
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shape, land use, streets pass ability and finally, urban development documents and plans as they set the form 
of buildings and transportation network plan. (SaeedNia 2004) 
In urban planning, the main characteristics of a piece of land same as shape, size, length and width 
and forehead (for building), are affected by characteristics such as light, wind (to use or deal with it), climate 
(thermal comfort), with the aim of determining the maximum (peak) advantage of nature and decrease the 
detriments.  
The most straightforward kind of subdivision in the urban areas of Iran for urban blocks is the division 
of land into regular rows and categories of land in the same parts. In this type of rectangular subdivision, the 
minimum width of residential lots should not be less than 10m while the average length of blocks is considered 
200 to 300 meters and a width of 50 meters, while each of them is divided into two rows of the northern and 
southern parts. Each piece concerning the adjacent street called Northern or Southern. In other words, between 
every piece of land, a road construct and land on both sides more or less equally divided. Northern parts of the 
road, are called, and southern parts of the road are called southern. (SaeedNia 2004) 
4.5. Housing in Tehran 
When the area of Tehran is almost 716.9 km2, the share of the built-up area is 37.5 % with 269 km2, 
and most of the construction is related to the housing with around 80% share. The Spatial qualities of Tehran 
have influenced by location of city which surrounded from the north and east by Alborz Mountain and desert 
from the north. 
In Tehran, in different parts of the city, there is a crucial difference in the average floor areas. 
According to the regulations, the average FAR is estimated based on the number of residents per dwelling and 
the pattern is the same for all districts. Southern districts have a higher density, whereas, in the northern parts 
of the city, density is drastically lower. This difference is mainly due to the difference in the financial status 
of the families, which increase as we move from the south to the north (Tehran Municipality 2016). 
Based on the enactment of the Iranian Council of Planning and Architecture (ICPA), in 1992, all the 
residential areas in cities should be categorized into three groups including, residential complex, multi 
households, and single units.  
In single units, every unit should design as one floor with underground and a walled yard. For 
designing one more floor, the owner is not allowed to design another single unit and should consider the 
neighbors' rights, including sunlight and visual prohibition. The minimum size of land subdivision for single 
units is 120 m2, and less area should be authorized by the responsible organization. In multi-household 
residential units, the open space is common, and floor number is between 2 to 4, while land subdivision the 
minimum area of land is 500m2. In residential complexes, the open spaces are also common. In case of floor 
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numbers, there is no limitation but all the neighbor’s rights, policies for sunlight and visual prohibition beside 
authorized density law should be considered. 
In the new detailed plan (Tarh-e tafzili) of Tehran, the residential zones have been classified, and each 
one has specifications regarding maximum height limit and a maximum FAR. The maximum floor coverage 
in residential areas in all the districts is 60%, and the maximum FAR changes based on the density. Thus, the 
maximum FAR in low-density residential zones is 120% in a two-story building, and the max FAR in high-
density residential zones is 360% in a six-story building. The small size of lot subdivision and the extraordinary 
pressure to increase the floor area within has forced buildings upward (Tehran Municipality 2012). 
 
Figure 4-4. Tehran general plan-2006(Municipality of Tehran, 2015) 
4.5.1. Main residential zone in Tehran 
Main residential zones include two main arenas: common residential arenas and exclusive residential 
arenas which are shown by one-digit codes (R1) and nine sub arenas. In the residential zones in Tehran, 
housing blocks are placed between the urban or local axes where usually commercial activities and services 
such as clinics or small offices are located. In the new Detailed Plan (tarh-e tafzili) of Tehran, the residential 
zones have been classified, and each one has given specifications regarding their maximum height limit and 
maximum floor-area ratio. The adjacent roads’ width has a prominent role in the maximum range of building 
coverage ratio and floor area ratio. 
As it shown the maximum floor coverage in all restricts in 60% and the maximum floor area ratio 
change based on the density. Thus, the maximum floor area ratio in low-density residential zones is 120% as 
a two story, and the max floor area ratio in high-density residential zones is 360% as a 6story building. (Table 
4-1) 
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In March 1992, the instruction of residential density and ground coverage in residential zones (based 
on considering open space share, exhorting high rise residential complexes, reduction of residential occupancy 
and subdivision) had been approved. In this instruction, to beget enough open space in residential buildings or 
complexes, the disciplines and policies below should be followed: (Table 4-2) 
Table 4-1.FAR and BCR specifications in new Detailed Development Plan of Tehran (Tehran detailed plan) 
digit 
code 
Major 
zones 
Zones General character 
of 
sub-zones 
Maximum 
floor 
area ratio 
Number 
of 
floors 
Maximum 
land 
coverage 
ratio 
Minimum 
lots size 
Minimum 
Roads 
size 
R1 General 
residential 
Low density 
residential 
Single story/double 
story residential 
3-story residential 
120% 
 
180% 
2 
 
3 
60% 
 
60% 
- 
- 
- 
- 
Medium 
density 
residential 
4-story residential 
5-story residential 
240% 
300% 
4 
5 
60% 
60% 
200 
250 
8 
10 
High density 
residential 
6-story residential 360% 6 60% 
 
300 12 
 
 
Table 4-2. Minimum unit numbers and open space area in comparison with number of floors 
Number of floors Minimum residential units 
Minimum open space per residential 
unit 
2 floors - 60m2 
3 and 4floors - 55m2 
5 and 6floors 24 50m2 
7 and 8floors 32 45m2 
9 floors and more 40 40m2 
The open area does not include parking and car's path. In addition, the municipalities should supervise 
the open space area in residential buildings, and if it there is any incoherence between housing density, ground 
coverage, and open space area, the residential density should be decreased to meet open space policies. 
In February 1998, and enactment has been authorized in which mention that for buildings with six 
floors and more in Tehran, the rules below should be considered: 
• The distance between two adjacent buildings (Minimum 50% of building height) 
• Light and sunshine (not closing the winter sunshine with joined buildings) 
• Open space and ground coverage (in residential areas, the minimum area of open spaces is 40% of 
the land) 
• Street width and a1ccess 
• Preserve the urban aesthetic and urban landscape 
Moreover, the municipalities should supervise the open space area in residential buildings, and if it 
there is any incoherence between housing density, building coverage, and open space area, the residential 
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density should be decreased to satisfy the open space policies. The open area does not include parking and the 
path of cars. 
4.6. Case study 
It is essential to understand the formal-spatial system of the city for balancing the built up and open 
spaces. Based on the Tehran municipality reports, the number of dwellings built in various districts of Tehran 
could be categorized into three types: old, relatively new and newly built when there is a mix of all three types 
all over the city. 
Old areas that include some considerable buildings with historical value are mostly developed in Qajar 
dynasty while the greatest number of old dwellings are in the south-east and south-west areas of Tehran. 
Sangelach, Bazar, Imamzadeh Yahya and Odjalan are some of the old neighborhoods of Tehran form Safavi 
period. 
The relatively new area with wide streets, regular urban network, a greater number of floors and 
different type of materials are the sections between old and newly built areas. The eastern neighborhoods such 
as Narmak and the eastern areas such as Gisha, Amirabad, and Yusefabad are examples of this type of 
development. 
In last decades, the housing construction has occurred in a various part of the city while the greatest 
magnitude was in eastern, south-west and north-west areas. Newly built areas include low-rise, medium-rise, 
and high-rise buildings. A considerable part of buildings in district 22 as a recently established district are 
newly-built. 
Therefore, a comparative analysis of different residential areas is performed to identify the role of 
residential open space types and layout forms in spatial openness and possibility of windows. Form 22 districts 
five districts were chosen for analysis were districts 1, 4, 8, 12, and 22 in Tehran. (Figure 4-5)  
These areas were selected because they, on the one hand, were built within 100 years of housing 
transition in Iran and have a similar historical and socio-economic background, while on the other hand, the 
majority of residential buildings in these selected areas are low-rise and mid-rise that is adaptable to the 
analysis method. Although the samples in each district were selected randomly as a common type of residential 
layouts, they demonstrate the characteristic of that area. 
 
 
Chapter 4 
Lessons from Iran-Tehran 
 
 
 49 
 
 
 
 
 
 
 
 
 
 
Figure 4-6. Population of Target Districts in Tehran (1996-2011) 
 
Residential blocks that include a number of buildings with different kinds of dwellings are chosen. In 
these residential areas, the residential blocks composed each other with different shapes and create open spaces 
and the residents of dwellings are mostly families. Only residential land uses were included, and vacant lots, 
commercial, educational, and industrial land uses were excluded. Housing layouts have been categorized by 
parcel area, adjacent road area, layout type, the number of floors, BCR, and FAR. 
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Figure 4-5. Location of selected districts in Tehran 
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4.6.1. District 1 –Tehran 
District One of Tehran Municipality as a mountainous place located in the northernmost part of the 
city with ten areas and 26 neighborhoods. Due to semi-mountainous location and spatial structure, the district 
has an organic texture with a combination of newly built, modern and high-quality residential complexes. The 
district usually is a favorable place for living and a good target for housing developers because of good weather 
that effect on the land price. Also, the highest number of high-rise buildings were constructed in this region. 
(Table 4-3) 
Table 4-3. Target areas in District 1, Tehran-Iran 
Info Aerial  
District No.: 1 
Location: Farmanieh 
No. of parcels: 59 
Land use: Residential 
Years (Ave.): 30  
Diagram Photo 
 
      
Description 
Located in the northern part of 
city close to the mountains 
resulting in an organic urban 
texture 
Info Aerial 
District No.: 1 
Location: Velenjak 
No. of parcels: 26 
Land use: Residential 
Years (Ave.): 20  
Diagram Photo 
 
    
Description 
Large plot size, wide streets, 
high price of property 
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4.6.2. District 4 –Tehran  
District four with 22 neighborhoods and a population of about 820 thousand is one of the most 
populous areas that hosts approximately 11% of the city population had a high rate of construction and located 
in north east and east of Tehran. This area is a flat plain that surrounded by newly built residential buildings. 
(Table 4-4) 
 
Table 4-4. Target areas in District 4, Tehran-Iran 
 
 
 
 
Info Aerial  
District No.: 1 
Location: Zaferanieh 
No. of parcels: 27 
Land use: Residential 
Years (Ave.): 20 
 
Diagram Photo 
 
      
 
Description 
Large plot size, wide streets, 
high price of property 
Info Aerial  
District No.: 4 
Location:  Heravi Sq 
No. of parcels: 64 
Land use: Residential 
Years (Ave.): 20 
 
Diagram Photo 
 
   
Description 
The linear residential blocks, wide 
streets, most apartments are south-facing 
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4.6.3. District 8 –Tehran  
District 8 with 20 neighborhoods a population of 900 thousand households, located in the eastern part 
of Tehran. This area has an old traditional fabric, and tow old neighborhoods of Tehran which are Narmak and 
Nezam Abad are in this district. The residential areas in this district are relatively new. (Table 4-5) 
 
Table 4-5. Target areas in District 8, Tehran-Iran 
 
4.6.4. District 12 –Tehran  
District 12 with a population of 500.000, 31 neighborhoods and 100 thousand households, is one of 
the old and central residential regions in Tehran. This district is the main constituent core of the city. Therefore, 
the old bazaar and the oldest neighborhoods of Tehran are located there. (Table 4-6) 
4.6.5. District 22 –Tehran  
District 22, the vastest urban development in Tehran with 14 percent of city’, is formed in the north-
west, as a result of population growth and economic developments. With nine neighborhoods and the 
population of 128 thousand, this district is known as one of the low densely populated areas. Residential areas 
are almost newly –built with low, medium and high density. (Table 4-7) 
 
 
 
 
 
Info Aerial  
District No.:8 
Location:   Narmak, Sq. no.66 
No. of parcels: 104 
Land use: Residential 
Years (Ave.): 30 
 
Diagram Photo 
 
    
Description 
Repetitive rectangular blocks with 
centralized open space 
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Table 4-6. Target areas in District 12, Tehran-Iran 
Info Aerial  
District No.: 12 
Location: Emamzadeh Yahya 
No. of parcels: 43 
Land use: Residential 
Years (Ave.): 70 
 
Diagram Photo 
 
   
Description 
One of the oldest residential areas in 
Tehran, narrow streets,  
high built-up density 
Info Aerial  
District No.: 12 
Location:   Odjalan 
No. of parcels: 46 
Land use: Residential 
Years (Ave.): 70 
 
Diagram Photo 
 
   
Description 
One of the oldest residential areas in 
Tehran, narrow streets,  
high built-up density 
Info Aerial  
District No.: 12 
Location:   Darvazeh Ghar 
No. of parcels: 136 
Land use: Residential 
Years (Ave.): 70 
 
Diagram Photo 
 
    
Description 
One of the oldest residential areas 
in Tehran, narrow streets,  
high built-up density 
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Table 4-7. Target areas in District 22, Tehran-Iran 
Info Aerial  
District No.:22 
Location: 2nd Sarvestan Ave. 
No. of parcels: 49 
Land use: Residential 
Years (Ave.): 10 
 
Diagram Photo 
 
    
Description 
The newly built linear residential 
blocks, wide streets, dwellings 
are south–north facing 
Info Aerial  
District No.:22 
Location:  4th Banafshe Ave. 
No. of parcels: 61 
Land use: Residential 
Years (Ave.): 10 
 
Diagram Photo 
 
    
Description 
The newly built linear residential 
blocks, wide streets, dwellings 
are south–north facing 
Info Aerial  
District No.:22 
Location: 12th Yas Ave 
No. of parcels: 75 
Land use: Residential 
Years (Ave.): 10 
 
Diagram Photo 
 
    
Description 
The newly built linear residential 
blocks, wide streets, dwellings 
are south–north facing 
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4.7. Discussion 
Currently, housing layout is of various forms; therefore, the physical form and arrangement of 
residential buildings and their relationship with open space should be deliberated in new housing developments 
(Wooley 2003). Recognition of housing typology requires a definition of the description of formal and spatial 
elements and their relationship. It is necessary to specify the housing layout types and classify dwellings based 
on common characteristics and forms to clarify the effect of building arrangement within residential areas on 
the quality, size, and form of open space.  
The main differences in building arrangements are the passage of the light while maintaining privacy, 
and the level of open and close spaces adjacent to each other. Private and semipublic-semiprivate spaces that 
are formed because of spatial form of space create opportunities for social communications. Hence, the 
housing layout that provides more light and sufficient natural air ventilation with more open space is favorable. 
 We could categorize housing typology in Iran into four main groups: parallel, courtyard, scattered, 
and massive linear. In the parallel topology, arrangements of urban blocks and design of the roads are more 
manageable since access to natural light, and fresh air is possible from two sides of buildings owing to attached 
walls. In a courtyard layout as an inward type at a given lot area, the rate of the enclosure and access to light 
and air ventilation are higher. Further, scattered topology creates spatial diversity with a variety of public and 
open spaces with low spatial openness and better natural ventilation and access to sunlight and daylight. In the 
massive linear form of topology, although geometrically same as the parallel form, more land is released as 
open space. In this type, owing to deep plans, access to natural light and ventilation in the interior spaces of 
buildings is difficult. However, by increasing the use of electronic devices, this problem can be solved. 
As we discussed in chapter two, the estimation of WPI and SOI in Tehran’s residential area were as 
below: 
WPIA= LA/V               (Possibility of windows based on the perimeter of walls in all floors)   
WPI1= L1/C                 (Possibility of windows based on the perimeter of walls in first floor)  
 SOIA= (S-C)/LA         (Spatial openness based on the perimeter of walls in all floors)     
SOI1= (S-C)/L1            (Spatial openness based on the perimeter of walls in first floor) 
S: Block Area 
C: Building Coverage 
V: Total Floor Area of all Buildings 
LA: Perimeter of Buildings for all floors 
L1: Perimeter of Buildings for first floors 
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4.8. Results 
In Iran, there are two types of low-rise and medium-rise housing: courtyard and massive linear. 
Notably, the definition of courtyard housing in this research differs from the traditional houses in Iran. 
The results of estimation and district analysis are presented in Table 4-8. The SOI and WPI are variable 
in different districts. The estimated indices on all the residential layouts are positive and statistically significant, 
as expected. Larger lot sizes, newer houses, and massive-linear type of dwellings all contribute positively to 
the spatial openness. On the contrary, the possibility of windows in residential environments with courtyard 
layout is higher. As predicted by the theoretical model, the higher the length of outer walls on each floor, the 
higher the possibility of windows. 
Our key findings regarding spatial openness and the possibility of windows in the target areas in 
Tehran can be summarized as follows: There is a considerable difference between the numerical result of SOIs 
based on the perimeter of wall of the first floor (SOI1) and all floors (SOIA), especially in districts 1, 4, and 8, 
for which the role of buildings height could be addressed (Figures 4-7 and 4-8) Increment of buildings height 
led to a decline in SOIA, therefore, because of different height of the buildings in target districts, and estimation 
based on SOI1 is more valid (Table 4-8).  
SOI1 shows the expected signs in district 22 as a newly developed district with, massive linear type, 
wide streets and an average of 10.22, whereas the average of the same index in district 12 with courtyard 
housing layout and narrow streets is 3.15.  
Otherwise, as estimations show, the WPI1 and WPIA in different districts except district 12 are 
approximately in the same range the differences in WPI1 and WPIA could be rooted in the various heights of 
adjacent buildings, which affect the wall perimeter. Therefore, considering the wall perimeter of the first floors 
as WPI1 appears more accurate. 
The possibility of windows (WPI1) in district 12 with courtyard layouts is higher whereas the same 
index for district 4 is less (0.15). In districts with a massive linear layout, residential buildings are attached, 
internal side walls are shared, and wall perimeter is less; consequently, the window possibility is small. 
Therefore, districts such as 12 with courtyard layout could achieve the highest rate of window possibility 
owing to a higher rate of wall perimeter (Figure 4-8). 
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Table 4-8. Applying WPI and SOI on samples 
D
ist. N
o. 
L
ocation  
N
o. of parcels 
A
vg. N
o. of Floors 
Type
*  
A
rea (m
2) 
R
oad (m
2) 
Total B
uilt A
rea (m
2) 
Total Floor A
rea(m
2) 
T
otal perim
eter 
of the all floors (m
) 
T
otal perim
eter 
of the first floors (m
) 
W
PI1 
W
PI1  
D
ist. A
vg. 
W
PIA  
W
PIA
 
D
ist. A
vg. 
SO
I1  
SO
I1 
D
ist. A
vg. 
SO
IA  
SO
IA
 
D
ist. A
vg.  
FA
R
 (%
) 
B
C
R
 (%
) 
1 
Farmaniyeh 59 4.35 M.L. 15430 8593 10089 58329 10139 1933 0.19 
0.18 
0.17 
0.18 
7.21 
9.22 
1.37 
1.48 
380 65 
Velenjak 26 5.8 M.L. 26698 3924 11394 74511 13151 1979 0.17 0.18 9.72 1.46 280 45 
Zaaferanieh 27 5.8 M.L. 27471 6623 11919 78186 13768 2067 0.17 0.18 10.73 1.61 285 45 
4 Heravi Square 64 4.6 M.L. 38821 11382 22196 112538 16774 3428 0.15 0.15 0.15 0.15 8.17 8.17 1.67 1.67 290 60 
8 Narmak. Sq.66 103 3.82 M.L. 17076 10706 11301 46454 10660 2299 0.20 0.20 0.23 0.23 7.17 7.17 1.55 1.55 270 65 
12 
Emamzade 
Yahya 66 1.8 C 12589 2145 8094 13968 5068 2338 0.29 
0.27 
0.36 
0.32 
2.84 
3.03 
1.31 
1.14 
110 65 
Odjalan 46 1.7 C 10627 1777 6870 13191 4367 1725 0.25 0.33 3.21 1.27 125 65 
Darvazeh 
Ghar 113 3 C 17696 5888 13216 43581 12251 3421 0.26 0.28 3.03 0.85 250 75 
22 
2nd 
Sarvestan 
Ave. 
49 3 M.L. 14733 5524 7712 23983 4133 1294 0.17 
0.17 
0.17 
0.17 
9.69 
10.22 
3.04 
3.45 
165 50 
4th 
Banafshe 
Ave. 
61 2.6 M.L. 29599 9023 15156 38499 6285 2188 0.14 0.16 10.72 3.73 130 50 
12th Yas 
Ave. 75 2.8 M.L. 14822 9036 8090 23320 4410 1538 0.19 0.19 10.25 3.58 160 55 
Type:  M.L.: Massive Linear            C: Courtyard 
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The result also confirms the inadequacy of BCR in defining the housing layouts. For instance, although 
the BCR in Farmaniyeh, Narmak square 66th, Emamzade Yahya, and Odjalan is the same at 65%, the housing 
layouts are different, and the range of WPI1 and SOI1 in these areas are significantly different. (Table 4-8) 
Therefore, when the differences among the various housing arrangements in residential environments 
are recognizable based on WPI and SOI, expanding these indices could be an appropriate approach for 
evaluating the quality of space in residential environments. 
 
 
Figure 4-7. WPIA and SOIA ratio in target districts in Tehran        
Figure 4-8. WPI1 and SOI1 ratio in target districts in Tehran 
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Chapter 5  
Lessons from Japan 
 
5.1. Introduction 
The rapid urbanization and industrialization of Japan, and indeed of the whole world, has led to a 
constant increase in urban population. A number of studies assumed that population growth, cultural values, 
high densely urban areas and housing layouts are bond up. (Rapaport 1969, Mumford 1970, Sugiayama1986) 
In addition, population and dwelling density have some serious shortcomings when it comes to 
establishing a relationship with urban form. Early studies and reviews concluded that density is not just 
influenced by number of people residing in a given area, but other relevant factors are dwelling size, dwelling 
type, building height and distance between buildings (Sugiyama 1984 and 2006, Tokuono 2006, Sato 1982, 
Alexander 1993, Rapoport 1969 and 1975, Gifford 2007, Tonkin 2008, Biddulph 2007, Martin and March 
1972). We assume that density attributes like floor area ratio and building coverage ratio are practical but still 
does not allow us to distinguish various housing layouts. An alternative approach is to use more variables to 
describe a residential area. 
In this respect, with a particular focus on housing transition in Japan, this research will represent that 
density is indeed influential on house form. We will evaluate the experiments of various types of housing 
design in Japan from the view of developer and layout form. Specifically, the research compares the residential 
buildings that have been built since 1960’s to examine their differences or similarities in case of form, size 
and housing design and show how the rapid urbanization following by standardization reflect on these 
examples. 
The present study has two major aims. First, based on reviewing the housing transition in Japan, we 
categorize different residential areas. Second, we will test the relationship between density indices and 
residential layouts to examine the impact of housing layout on spatial openness and possibility of windows 
and try to analyze how different is the rate of spatial openness and possibility of windows in various type of 
dwelling. 
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5.2. A review of housing in Japan  
5.2.1. Housing Transition in Japan  
Overtime, Japan has experienced a various range of social and economic changes, the rapid 
modernization, urbanization, and industrialization are influenced by tradition and culture while the role of 
housing and construction is undeniable. Consequently, the housing layout and traditional housing system in 
Japan was undergoing a fundamental transition. (Kobyashi2016, Hirayama and Ronald2012, Ronald2009, 
Sorensen and Okata 2010, BCJ2017, Okata and Murayama2011, Housing Bureau1988, Karan and Kristin 
1997) 
The year 1868, marks the Meiji restoration and known as the beginning of rapid modernization and 
urbanization in Japan. In in the 1910s, world war I caused the first step of industrialization, therefore, a vast 
number of workers moved to cities, and the population concentration was in Tokyo and other large cities. So, 
to answer the housing shortage, row houses which stand side by side and mostly were below standards, 
constructed for ordinary people. For the first time in Japan and as a step toward modern housing policy and 
planning, modern city planning, and construction systems were established to deal with overcrowded 
residential areas without sufficient amenities. By involving in world war II in the 1930s, the housing standards 
brought down. (Housing Bureau1988) 
After world war II, the western style building construction and material integrated and mixed with 
traditional elements of Japanese houses. In 1950 the building standard law as a general law that applicable to 
all buildings throughout Japan was enacted to protect Japanese people’s life, health and property by supplying 
minimum standards concerning the site, construction, equipment, and buildings usage. (Tomohiro2013) 
Between the 1950s to 1970s, the Housing layout was transformed from traditional wooden houses to more 
modern and westernized type. 
 In the 1950s, in order to cope with a severe shortage of housing and supply low-cost housing, 
the initial approach in housing policies was quantitative (Kobayashi2016, Noghuchi and Poterba1994), mass 
housing was a suitable solution, and the Japan government constructed public housing complexes which called 
danchi. Danchi are a large group of concrete structure buildings with specific deign for multi-family housing.  
Besides that, following rapid economic growth and internationalization, a large number of people from inner 
city areas moved to cities and suburbs where danchi were built to answer the needs of housing. Furthermore, 
the demand for electrical goods rose up that was more suitable for modern residential buildings. 
In addition, many wooden tenement houses were also built to meet the housing demand. The dwelling 
area was tiny, and all necessary amenities such as toilet, shower, and kitchen were located outside of the 
building. At that period, the construction of these wooden houses was five times more than RC apartments. 
(Figure 5-1) 
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Figure 5-1. Wooden tenement houses in 1960's 
With rapid economic growth during the 1960s, the Japan housing corporation was founded due to 
progressive urbanization that led to the housing shortage. The mass housing results in modern society and new 
lifestyle with improvements in living standards. The development of mansion condominium housing (a single 
building subdivided among large numbers of owners) and low rise building in high densely residential areas 
that inherited the modern style houses was carried out in that period, and in 1962 the condominium law was 
enacted, and private developers had a prominent role in developing condominiums.  As fast growth continued, 
the land price rose, and tendency in medium-rise and high-rise building went up that followed by social 
problems and unfavorable impact on surrounding areas such as building shadows and blocking sunlight. 
(Figure 5-2) As a consequence of high land price, housing developments head to suburb areas, and detached 
houses became permanent. 
 Japan experienced a stable economic growth in the 1970s and the main concern in housing shifted 
from quantity to quality to improve the housing and living environments. Private rental houses become more 
popular which has bathroom and kitchen inside the building and contributed to housing quality improvements. 
Traditional wooden houses were demolished to use prefabricated construction technique to reflect the 
international style of houses and also the production of semi-detached and low–rise houses became dominant. 
The construction of high rise buildings in the late 1970s contributed to difficulties in purchasing houses and 
preparing dwelling with affordable prices. Also, a number of private rental houses with wooden or concrete 
Figure 5-2. 1955 to 1975, a large Number of mid-rise and high rise residential buildings were constructed 
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structure went up after the 1980s.Indeed, at the end of the 1980s, the implosion of the economic bubble, 
resulted in a decline in the housing market since the early 1990s.  
Associating the urban renaissance policies in the 1990s and deregulation of housing construction, 
housing market encouraged to develop tower condominiums and constructing taller apartment buildings and 
more compact residential buildings led to a new era in housing construction. (Ronald2009) In the late 1990s, 
the Japanese economy entered a period of prolonged recession, and a significant decrease occurred in housing 
construction, while by improving the quality of housing sector, the rate of substandard housing reached to less 
than 10percent. (Hirayama and Ronald2012) 
By the first of twenty-first century, the housing market in Japan experienced a tremendous decrease, 
and as a result of a decline in housing demand, large-scale housing is not favorable anymore. The post-war 
style of housing has been already broken up, and the new form of housing layouts and types are shaping, and 
enhancement of the quality of houses became an essential part of housing policies. The emphasis is now on 
improving the quality of residential life and especially residential environment.  
5.3. Housing construction 
Socio-economic reconstruction which pushes the country toward industrial capitalism transformed the 
country and when at the beginning of 20th century just 15 percent of the population lived in the urban areas, 
by the end of the century the number reached to more than 80 percent. The magnitude of changes should be 
highlighted in understanding the transitional condition of housing layout in Japan. Figure 5.3 provides an 
overview of newly built houses in Japan over the period of sixty years. 
As it showed, the number of dwelling construction per year from 1955 to 2015 had a steady rise. The 
most significant proportion increase belongs to owner-occupied houses when approximately 98% of them are 
detached houses, and even in 1963, about 64.4% of the housing stock were detached houses. 
Through the 1970s, there was a considerable increase in housing demand and subsequently number of 
households and residential density, as a result of the massive inflow of population into large Japanese cities. 
At the height of construction boom in the 1970s, more than 1.8 million units were built when a considerable 
share of it was owner-occupied houses and private rental houses. In spite the fact that by the early 1970s, 
housing shortage was satisfied, the average rate of housing construction was approximately 1.4 million units 
per year.  
After the 1970s, the proportion of newly built houses dwindled when late 1980s and early 1990s it 
experienced a drastic increase. In last decade, the number of housing starts declined after a dramatic worsening 
economic condition and number of newly built houses was less than one million units per year and even 
reached to 775,000 in 2009. Looking at public housing rate, we find out while the average rate of danchi was 
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more than 150,000 in the 1970s, in recent years the proportion of public houses has sharply decreased to less 
than 50000 units per year. In the 1970s, also mansion condominium construction increased when production 
of new mansion faced another peak in 1990s and first years of 2000s.The proportion of newly built private 
rental houses also had ups and downs when after a decline from the 1990s, it started climbing up from 2009. 
In 2015, new housing starts was around 909,299 units, including 283,000 owner-occupied units and 378,000 
units for rents when 241,000 units for sale and 6000 houses for employees. (figure 5-3) 
 The housing expansion accompanied by a remarkable increase in the average floor area of newly built 
dwellings. In total, the floor area of newly built houses had climbed gradually and when started from 50-60 
m2 in1950s, reported 80-90 m2 in the 2010s. Recently, the average home sizes have leveled off the size for 
owner-occupied housing 120-130 m2 while it reached a peak at 140 m2 in 1996. (figure 5-4)  
The Japanese government also have established limitations and restrictions on residential floor area 
ratio. The floor area ratio specifies the maximum built able floor area in a given site and building coverage 
ratio stipulates the maximum building coverage. For housing construction, one of the main needs is floor area. 
In Japan when housing demand with high quality going up, lack of vacant lots pushes the floor area ratio 
higher. 
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Figure 5-3. Newly built houses in Japan 
Source: Japan Construction Statistics Annual Report 
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Figure 5-4. Average floor area of newly built dwellings (by Tenure) 
Source: BCJ2017 
 
As it demonstrates in figure 5-5, according to the survey results of the housing and land survey 
(statistics bureau) between the years 1950-2013, the percent of the area of floor space to site area, within the 
past 60years had increased by 15.2%. Conversely, when in 1950, the average percentage of the building area 
to site area was 28.4, in 2014, the percent was 31.7. There was a slight percent difference of 3.3. In the past, 
the average size of dwellings in Japan tended to be small when population growth has been accompanied by a 
significant rise in annually built residential buildings and an increase in the size of units. The result of figures 
3 and 4 showed when the building coverage ratio remained almost steady from 1950 to 2013, the floor area 
ratio had a gradual growth, and it means that there is an increase in building density in Japanese residential 
areas. However, from 2006, both building coverage ratio and floor area ratio has shifted to a gradual decline.  
 
 
 
Figure 5-5. Rate of Floor Area Ratio and Building Coverage Ratio in Japanese Dwellings  
between 1950 to 2013 
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5.4. Residential zones in Japan 
Main land zones in Japan consist of 12 zones while seven of them are residential zones including: 
Category  exclusively low-rise residential zone, Category  Exclusively low-rise residential zone, Category 
 mid/high-rise oriented residential zone, Category  mid/high-rise oriented residential zone, Category  
residential zone, Category  residential zone, Quasi-residential zone. As it shown in table 5.1, the maximum 
building coverage ratio and floor area ratio is different in various residential zones ranging from 30 to 80 for 
building coverage ratio and 50 to 500 for floor area ratio. Based on the character and situation of respective 
regions, allowable rate of floor area ratio and building coverage ratio is determined. For instance, there is a 
probability of reducing floor area ratio in residential areas with the narrow street. (Table 5-1) 
Table 5-1. FAR and BCR specifications in Residential Land zones in Japan 
zone Objectives 
Maximum floor area ratios 
(FAR. %)Maximum building 
coverage ratios (BCR. %) 
Image 
Category I 
Exclusive Low-
riseResidential 
Zone 
Designated to ensure 
an excellent living 
environment for low-
rise houses. 
FAR:506080100150
200 
BCR:30405060 
 
Category II 
Exclusive Low-rise 
Residential Zone 
Designated to ensure 
an excellent living 
environment 
primarily for low-rise 
houses. 
FAR:506080100150
200  
BCR:30405060 
 
Category I Mid. 
High-rise Oriented 
Residential Zone. 
Designated to ensure 
an excellent living 
environment for mid. 
high-rise houses. 
FAR:100150200300
400500 
BCR:30405060 
 
Category II Mid. 
High-rise Oriented 
Residential Zone 
Designated to ensure 
an excellent living 
environment 
primarily for mid. 
high-rise houses. 
FAR:100150200300
400500  
BCR:30405060 
 
Category I 
Residential Zone 
Designated to ensure 
a certain living 
environment for 
houses. 
FAR:100150200300
400500  
BCR:506080 
 
Category II 
Residential Zone 
Designated to ensure 
a certain living 
environment 
primarily for houses. 
FAR:100150200300
400500  
BCR:506080 
 
Quasi-residential 
Zone 
Designated for 
promotion of 
convenience for 
businesses suited to 
the characteristics of 
neighborhoods 
adjacent to roads, 
while at the same 
time preserving an 
excellent living 
environment. 
FAR:100150200300
400500  
BCR:506080 
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Also, in building standard law of Japan, articles number 52 to 56 there is more specific regulation in 
different zones for floor area ratio, building coverage ratio, building height and minimum distance between 
buildings.  
5.5. Residential layout in Japan 
Japanese house designs have changed over the last decades while maintaining some traditional 
features. By the late 19th century, the traditional elements of Japanese housing had developed (Nakagawa, 
2002), and continued to be transformed into Japan’s modern era. Three main values in Japanese residential 
areas are natural ventilation, availability of light and privacy. Consequently, there are some limitations in 
building layouts which can be reduced by using light wells or designing courtyard type. A room which 
continuously used for living, working, meeting and so on, required to have access to natural light based on 
Japan’s building standard law.  
 With the growth in the number of dwellings, there is an increase in the size of housing units, and it 
reached to 94.4m2 in 2013, while in the past, the average floor area per unit tended to be small. In contrary, in 
traditional Japanese houses, the length of outer walls was high, consequently, there was more possibility of 
windows. (Figure 5-6) In addition to avoid lot subdivision, according to city planning regulations the minimum 
allowable lot size is 200m2 to ensure a living environment with excellent quality. 
Residential areas in Japan have their characteristic with different historical and cultural background. 
They mostly consist of Low-rise housing except for new towns. (BCJ2017) To increase the efficiency and 
landlord benefit, residential buildings have a rectangular form which could easily divide into smaller spaces. 
The typical apartments are formed by linear rectangles that have access to natural light from two sides.   
Also, buildings are unattached and there is space between buildings which could be rooted in humid 
climate of Japan and provide natural day light and air circulation. These spaces between buildings could be 
Figure 5-6. The traditional type of Japanese Houses 
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too narrow like Tsukishima, Nagoya by almost 30 cm or wider in shape of voids between high bulks of 
buildings (Shojai and More, 2010)  
Open spaces in residential areas are in the form of parks, gardens and parking spaces as public open 
spaces or small yards around or in front of residential buildings and unroofed parking areas as private or semi- 
private spaces. The orientation of spaces follows the typical layout of residential block. 
The wooden structure was the dominant type of structure in Japan before the introduction of a brick 
structure in the 1860s and reinforced concrete and steel structure in first decades of the 19th century while still, 
90% of detached houses and 30% of apartments are wooden. (Tomohiro2013) 
Recently, the common types of dwellings are danchi, detached houses, high rise apartments and small-
scale buildings when each of them has its characteristics. Since in danchi the staircase is located between two 
sides of buildings, thereby, supplying light and cross ventilation with meeting residence’s privacy and security 
is possible. Also, in detached as free-standing residential building, providing natural light and ventilation is 
probable. (Figure 5-7) 
     
Figure 5-7. Typical type of private rental housing and public housing in Japan in 1970s 
 
The high-rise buildings, also known as a tower block, are the contemporary type of housing that made 
possible due to the development of steel, structure and elevators systems in last decades of 19th century. They 
are represented by tall buildings with multiple levels and generate spatial quality and diversity.  This type of 
residential areas is justified by economic considerations, urban infrastructure, and land resources. Preserving 
open space is strongly possible in this type of housing while the higher depth of window and consequently 
accessing natural light, large shadows and interrupted views are some of the disadvantages.  
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Overtime Japanese designers and architects began to design a more distinctive traditional pattern. Even 
so, it seems that currently planers and designers mimicking the housing models drawn from the past. The shift 
of popularity from mass housing and condominium to detached houses is particularly pronounced and the 
urban small-scale houses designed by architects has been common.  
The small-scale buildings which are mostly located in the inner city and separated from neighbors on 
all four side have a higher length of walls and closer the traditional type of Japanese houses. In this study, we 
will try to prove that Japanese designers tempt to design buildings with following the traditional characteristics. 
(Figure 5-8)  
 
5.6. Case study 
The data for this study were gathered and analyzed by plans and data of residential buildings that are 
published in various volumes of Japanese architectural journal which named Shinkenchiku from 1996 to 2015 
and defined as general and architectural designed type of dwellings in Japan. (Table 5-2) Shinkenchiku has 
been published since the end of world war II, and periodical architecture of Japan has been presented in it. 
This study mostly focuses on houses built since the 1960s because the average life expectancy of Japanese 
dwellings is between 20 and 40 years, and just less than 10 percent of the total housing stock has over 25 years 
old which is aligned with scrap and build method. 
The combination of layout type, size, height and building configuration are analyzed to represent the 
range of Japanese residential areas through the history. We also combined our findings of common housing 
layout in Japan and housing morphology to calculate the possibility of windows and spatial openness in 
Japanese residential environments. 
Our key findings regarding housing layouts can be summarized as follows: There are plenty of 
residential environments and apartment blocks with roads and sufficient open space and enclosed areas for the 
use of residents.  However, main categories of housing in Japan are: 
Figure 5-8. Urban small-scale housing in Japan 
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 1. Danchi 2. Detached houses 3. Small Scale housing 4. Condominium 5. High rise buildings.  
The case studies presented below (Table 5-2) illustrate residential 57 buildings in Japan as typical 
types of dwellings in Japanese residential area over 100 years and comparable in housing design, layout type 
and rate of density from low to high-density.  
However, as explained before based on the shape and depth of buildings some of the layouts are 
combination of two main layouts such as linear-courtyard in for samples I, J, K, L, M, O, Q, R, linear-scattered 
for N, S, W, X, Y, Z and massive-courtyard for AB. It should also be noted that the source of photos from A 
to AF is the Shinkenchiku Journal. 
Table 5-2. Target residential buildings- Japan 
Info Diagram Aerial Photo 
A: Apartment N 
Year: 2014 
Layout Type: Linear 
Design Type: 
Architect 
Location: Tokyo 
Built by: RYUJI 
FYJIMURA  
  
B: Shimokita House 
Year: 2010 
Layout Type: Linear 
Design Type: 
Architect 
Location: Tokyo 
Built by: 
HIROYUKI ITO  
 
 
C: KES 
Year: 2009 
Layout Type: Linear  
Design Type: 
Architect 
Location: Tokyo 
Built by: MAKOTO 
YOKOMIZO  
 
 
 
D: Studio 
Goyenyama 
Year: 2006 
Layout Type: Linear 
Design Type:  
Architect 
Location: Tokyo  
Built by: CHIBA 
MANABU 
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E: Domino 
Year: 2005 
Layout Type: Linear 
Design Type: 
Architect 
Location: Tokyo  
Built by: CHIBA 
MANABU 
 
 
 
F: Kusaka Tenement 
House 
Year: 2005 
Layout Type: Linear 
Design Type: 
Architect 
Location: Saitama  
Built by: 
MASAYUKII IRIE  
 
 
 
G: Trois 
Year: 2010 
Layout Type: Linear 
Design Type: 
Architect 
Location: Tokyo  
Built by: 
MITSUHIKO SATO  
 
 
 
H: Hachigasaki 
Complex 
Year: 2005 
Layout Type: Linear  
Design Type: 
Architect 
Location: Chiba  
Built by :  
JUNICHI MINUSA  
 
 
 
I: Lino 
Year: 2016 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo  
Built by: NAOYUKI 
NAGATA  
 
 
 
J: Toritsu Daigaku 
Terrace 
Year: 2011 
Layout Type: L&C  
Design Type: 
Architect 
Location: Tokyo  
Built by: JIRO 
MUROFUSHI    
 
K: Sekisokyo 
Year: 2009 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo  
Built by: ASARI 
YUKIO 
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L: Spread 
Year: 2007 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo 
Built by: SATOSHI 
YAMASHIRO  
 
 
 
M: N-GT1 
Year: 2005 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo 
Built by: RIKUO 
NISHIMORI  
 
 
 
N: Aomame House 
Year: 2014 
Layout Type: L&S 
Design Type: 
Architect 
Location: Tokyo 
Built by: Blue Studio 
 
 
 
O: Nishimagome 
Terrace Court 
Year: 2013 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo 
Built by: ITSUKO 
HASEGAWA    
 
P: Hagitsuka 
Tenement House 
Year: 2011 
Layout Type: 
Courtyard  
Design Type: 
Architect 
Location: Tokyo  
Built by: TAKASHI 
FUJINO 
 
 
 
 Q: Slash/ 
kitasenzoku  
Year: 2006 
Layout Type: L&C 
Design Type: 
Architect 
Location: Tokyo  
Built by: SATOKO 
SHINOHARA   
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 R: 3×3cube 
Year: 2014 
Layout Type: L&C  
Design Type: 
Architect 
Location: Tokyo  
Built by: KEN 
YOKOKAWA 
  
 
S: Yotsuya Tenera 
Year: 2010 
Layout Type: L&S 
Design Type: 
Architect 
Location: Tokyo  
Built by: HIKARI 
OYAMA  
 
 
 
T: Kaminoge House 
Year: 2010 
Layout Type: 
Scattered  
Design Type: 
Architect 
Location: Tokyo  
Built by: NAOYA 
KAWANABE 
 
  
 U: Grains 
Shimomeguro 
Year: 2007 
Layout Type: 
Scattered  
Design Type: 
Architect 
Location: Tokyo  
Built by: 
KAZUHIKO 
KOJIMA 
 
 
 
 V: Shakujii Pleats 
Year: 2010 
Layout Type: 
Scattered  
Design Type: 
Architect 
Location: Tokyo  
Built by: MAKIKO 
TSUKADA 
 
  
 W: Yakumo Court 
House 
Year: 2013 
Layout Type: L&S 
Design Type: 
Architect 
Location: Tokyo  
Built by: 
YOSHIHIKO IIDA 
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X: Otomeyama 
House 
Year: 2010 
Layout Type: 
Scattered  
Design Type: 
Architect 
Location: Tokyo  
Built by: NAOYA 
KAWANABE  
 
 
 
Y: G Apartment 
Year: 2012 
Layout Type: L&S 
Design Type: 
Architect 
Location: Tokyo  
Built by: MANABU 
NAYA &  
ARATA NAYA    
 
Z: Yonnosaka Town 
House 
Year: 2009 
Layout Type: L&S  
Design Type: 
Architect 
Location: Tokyo  
Built by: ITSUKO 
HASEGAWA   
 
 
AA: Moruyama 
House 
Year: 2005 
Layout Type: 
Scattered  
Design Type: 
Architect 
Location: Tokyo  
Built by: RYUEI 
NISHIZAWA  
 
 
 
AB: Makuhari Bay 
Town 
Year: 1996 
Layout Type: 
Massive Courtyard  
Design Type: 
Architect 
Location: Chiba  
Built by: 
KENSETSU 
SHIMIZU  
 
  
AC: Shinonome 
Canal Court 
Year: 2003 
Layout Type: 
Massive Linear 
Design Type: 
Architect 
Location: Tokyo  
Built by: RIKEN 
YAMAMOTO  
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AD: Inner Trip Plaza 
Kamiyamacho 
Year: 1996 
Layout Type: 
Courtyard 
Design Type: 
Architect 
Location: Tokyo  
Built by: MORIYA 
YUMIO 
 
 
 
AE: Squares 
Year: 1995 
Layout Type: 
Courtyard 
Design Type: 
Architect 
Location: Tokyo  
Built by: YACHIDA 
AKIO 
 
  
AF: FUKAE Spiral 
Year: 1998 
Layout Type: 
Courtyard 
Design Type: 
Architect 
Location: Tokyo  
Built by: 
KITAMURA 
RIKUO 
 
 
 
a: Kachidoki The 
Tower 
Year: 2016 
Layout Type: Super 
Massive  
Design Type: High-
rise apartment 
Location: Tokyo  
Built by: MITSUI 
FUDOSAN 
 
  
b: D'Gurafoto 
Kiyosumishirakawa 
Year: 2008 
Layout Type: Super 
Massive  
Design Type: High-
rise apartment 
Location: Tokyo  
Built by: DAIWA 
HOUSE 
 
 
 
c: Brillia Ariake Sky 
Tower 
Year: 2011 
Layout Type: Super 
Massive 
Design Type: High-
rise apartment 
Location: Tokyo  
Built by: TOKYO 
TATEMONO 
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d: Horizon Mare 
Year: 2004 
Layout Type: Super 
Massive 
Design Type: High-
rise apartment 
Location: Tokyo  
Built by: 
PROPERST 
 
  
e: Livio Tower 
Itabashi 
Year: 2010 
Layout Type: Super 
Massive 
Design Type: High-
rise apartment 
Location: Tokyo  
Built by: Sony 
FUDOSAN 
 
  
f: Aoyamadai Danchi 
Year: 1960s 
Layout Type: Linear  
Design Type: Danchi 
Location: Osaka 
Built by: Urban 
Renaissance    
Agency 
 
  
g: Akabanedai 
Danchi 
Year: 1960s 
Layout Type: 
Massive Linear  
Design Type: Danchi 
Location: Tokyo  
Built by: Urban 
Renaissance Agency 
 
  
h: 
Shinsenrikitamachi 
Danchi 
Year: 1960s 
Layout Type: 
Massive Linear  
Design Type: Danchi 
Location: Osaka  
Built by: Urban 
Renaissance Agency 
 
  
i: Shinsenri 
highashimachi 
 Danchi 
Year: 1960s 
Layout Type: 
Massive Linear 
Design Type: Danchi 
Location: Osaka  
Built by: Urban 
Renaissance Agency 
 
  
j: Sojiji Danchi 
Year: 1960s 
Layout Type: Linear  
Design Type: Danchi 
Location: Osaka  
Built by: Urban 
Renaissance Agency 
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k: Aruteshimo Prima 
Year: 2014 
Layout Type: 
Massive Linear 
Design Type: 
Condominium 
Location: Tokyo  
Built by: Unknown 
 
  
l: Yutenji Flower 
Apartment 
Year: 1969 
Layout Type: 
Massive Linear 
Design Type: 
Condominium 
Location: Tokyo  
Built by: SANGYO 
HASEBE  
 
 
 
m: House Yotsuya 
Year: 1968 
Layout Type: Linear 
Design Type: Small-
Scale Housing 
Location: Tokyo  
Built by: Unknown 
 
  
n: Biore 
Year: 2012 
Layout Type: Linear 
Design Type: Small-
Scale Housing 
Location: Tokyo  
Built by: Unknown 
 
  
o: K Haim 
Year: 2014 
Layout Type: Linear 
Design Type: Small-
Scale Housing 
Location: Tokyo  
Built by: Unknown  
  
p: Yonken Nagaya 
Year: 1900s 
Layout Type: Linear 
Design Type: 
Nagaya 
Location: Tokyo  
Built by: Unknown 
 
 
 
 
q: Cosumo 
Tudanuma Royal 
Court 
Year: 1995 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Recruit 
Cosmos 
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r: Sun mansion 
Highasinarashino 
Year: 1989 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Sanko 
Fudosan 
 
 
 
s: Lions mansion 
Highashihunabashi2 
Year: 1994 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Daikyo 
 
  
t: Lee Best 
Yachiyomidori gaoka 
Year: 1997 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: 
Sumitomosekiyu 
Kogiyo 
 
 
 
u: Tsudanuma High 
Rise 
Year: 1987 
Layout Type: Super 
Massive 
Design Type:  
Location: Chiba 
Built by: Kowa 
Fudosan 
 
 
 
v: Duohills 
Tsudanuma Maebara 
Year: 2009 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Hoosiers 
Corporation 
 
  
w: Chiba Park House 
Year: 1996 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: 
Mitsubishizisho 
 
  
x: Nishi Funabashi 
Dai3 Family mansion  
Year: 1983 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Hoosiers 
Corporation 
 
  
Chapter 5 
 Lessons from Japan 
 
 
 78 
y: Matsudodai2 
Rokukodai Sun 
Heights 
Year: 1979 
Layout Type: 
Massive Linear 
Design Type:  
Location: Chiba 
Built by: Hoosiers 
Corporation 
 
 
 
5.7. Data analysis  
When the range of possible dwelling forms we could have explored is quite large, for our research, 
we select five basic types of layouts which represent the common characteristic of residential areas in Japanese 
residential environments which are:  1-linear 2- courtyard 3- scattered 4- massive linear   5- super-massive. 
The five layouts are different in various aspects; nevertheless, the organization of built form is the particular 
interest of this research. The appropriate function to estimate the effect of building density and housing layout 
on spatial openness and possibility of windows are: 
Possibility of windows (WPI):  L/V 
Spatial openness (SOI): (S-C)/L  
When as discussed in previous chapters: 
WPIA= LA/V               (Possibility of windows based on the perimeter of walls in all floors)   
WPI1= L1/C                 (Possibility of windows based on the perimeter of walls in first floor)  
 SOIA= (S-C)/LA         (Spatial openness based on the perimeter of walls in all floors)     
SOI1= (S-C)/L1            (Spatial openness based on the perimeter of walls in first floor) 
S: Block Area 
C: Building Coverage 
V: Total Floor Area of all Buildings 
LA: Perimeter of Buildings for all floors 
L1: Perimeter of Buildings for first floors 
5.8. Results:  
Table 5-3, illustrates the rate of FAR, BCR, SOI and WPI in selected areas in Japan. There is a 
significant difference in spatial openness and possibility of windows in various type of housing layout with 
dissimilar morphology. In a comparison of floor area ratio and building coverage ratio in various samples, 
expectedly, the range of floor area ratio in high rise buildings is noticeably higher, while small urban scale 
housing has the least rate. In contrast, small-scale urban houses have a higher share of building coverage while 
Nagaya’s wooden linear houses hit the top and the massive-linear topology has the least range. (Figure 5-9) 
Also, since the building shape in linear, massive linear and super massive are the same, for the 
convenience of comparison and more concise analysis we used the factor of depth to categorize the samples. 
The maximum depth for linear is 9 m, while buildings between 9 to 18-meter depth are massive-linear and 
buildings layout with more than 19m depth are categorized in the super-massive group. Also based on the 
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shape and depth of buildings some of the layouts are a combination of two main layouts such as linear-
courtyard in for samples I, J, K, L, M, O, Q, R, linear-scattered for N, S, W, X, Y, Z and massive-courtyard 
for AB. 
More specifically, the possibility of the window for small-scale urban houses with linear-courtyard, 
linear scattered, linear, courtyard and scattered dwelling shape is higher. Slash/Kitasenzoku residential 
building with courtyard-linear layout by 0.93 WPI ratio has the highest and KACHIDOKI -The Tower as a 
high-rise residential building with 0.045 rates of WPI has the lowest share among all samples. 
Vividly, the rate of SOI in buildings with the super-massive layout is at the peak, while massive linear 
type has the second-high rate of SOI. Kachidoki The Tower and Brillia Ariake Sky Tower are leading the 
value of spatial openness index with super-massive type by 45.21 and 48.47 when the same index for Yonken 
Nagaya is 0.95, and it hit the lowest. In other words, the value of SOI in general types of housing in Japan is 
significantly higher than small-scale urban housing. 
The empirical data support the previous research result that changes in house form towards increasing 
building density would affect the spatial openness and chance of windows. In small-scale urban houses, the 
length of walls and consequently, the possibility of the window is extremely higher than other types of 
dwellings. There is a hypothesis that currently designers are trying to preserve the traditional characteristics 
of Japanese houses and mimicking the traditional type of housing characteristics.  
As represented in figure 5-10 distinguishing various housing layout for small-scale urban housing 
based on WPI and SOI is confusing as result of the close rate of WPI and SOI of samples. Therefore, if we 
categorize the small-scale house based on the building depth (Figure 5-12) in three groups of: from 3 to 6m 
depth, from 6 to 9 m depth and more than 9m depth, recognizing the role of building depth in the possibility 
of the window is clearer.  
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Table 5-3. Analysis of case studies 
Name Year No. of Floors 
Area(m2) 
Building 
Coverage 
(m2) 
Total 
Floor 
Area() 
BCR 
(%) 
FAR 
(%) 
Perimeter 
[1F] (m) WPI SOI Depth (m) 
Layout 
Type Housing system 
S C V C/S V/S L L/C (S-C)/L 
A Apartment N 2014 3 89.36 36.3 122.52 51.74 160.86 24.4 0.672 2.175 5.3 Linear Urban small scale 
B Shimokita House 2010 3 145.74 72.42 200.81 49.69 137.79 41 0.566 1.788 8.1 Linear Urban small scale 
C KES 2009 3 116.95 54.87 162.27 57.33 169.54 37.2 0.678 1.669 4.1 Linear Urban small scale 
D Studio Goyenyama 2006 4 153.9 80.28 277.35 61.1 166.28 36.5 0.455 2.017 9 Linear Urban small scale 
E Domino 2005 3 288.06 153.9 418.3 58.62 135.86 49.2 0.32 2.727 9.4 Linear Urban small scale 
F Kusaka Tenement House 2005 2 196.64 69.67 168.35 51.82 125.22 40.9 0.587 3.104 5.1 Linear Urban small scale 
G Trois 2010 3 222.47 78.36 158.49 48.39 79.81 28.5 0.364 5.056 3.5 Linear Urban small scale 
H Hachigasaki Complex 2005 2 380.85 162 255 49 77.13 58.5 0.361 3.741 9 Linear Urban small scale 
I Lino 2016 3 459.22 248.13 629.83 59.64 141.09 124.6 0.502 1.694 8.4 L&C Urban small scale 
J Toritsu Daigaku Terrace 2011 4 687.16 340.44 1301.71 51.39 139.11 137.6 0.404 2.52 7.4 L&C Urban small scale 
K Sekisokyo 2009 3 190.86 83.06 207.16 59.18 147.59 71.2 0.857 1.514 3 L&C Urban small scale 
L Spread 2007 3 394.995 202.79 811.78 54.33 151.54 128.1 0.632 1.5 4.8 L&C Urban small scale 
M N-GT1 2005 3 528.25 297.69 735.66 56.35 139.26 108.6 0.365 2.123 6.5 L&C Urban small scale 
N Aomame House 2014 2 593.81 250.89 489.87 51.46 100.02 110.2 0.439 3.112 7.2 L&S Urban small scale 
O Nishimagome Terrace Court 2013 3 2158.41 879.16 2596.45 48.2 103.02 283 0.322 4.52 9 L&C Urban small scale 
P Hagitsuka 2011 2 694.76 329.92 554.23 52.82 88.74 147.75 0.448 2.469 5 Courtyard Urban small scale 
Q Slash/ kitasenzoku 2006 3 171.69 78.8 160.11 49.01 99.58 73.5 0.933 1.264 9 L&C Urban small scale 
R 3×3cube 2014 4 556.61 290.07 760.22 55.13 131.57 96 0.331 2.776 6 L&C Urban small scale 
S Yotsuya Tenera 2010 3 254.57 128.01 380.01 53.03 135.23 81.6 0.637 1.551 4 L&S Urban small scale 
T Kaminoge House 2010 3 586.4 288.33 734.11 51.25 130.47 114.38 0.397 2.606 7.1 Scattered Urban small scale 
U Grains Shimomeguro 2007 2 249.425 123.27 436.47 55.02 149.66 75.3 0.611 1.675 4.5 Scattered Urban small scale 
V Shakujii Pleats 2010 3 261.78 144.88 538.52 59.25 149.42 73.8 0.509 1.584 4.2 Scattered Urban small scale 
W Yakumo Court House 2013 3 508.02 253.94 747.31 49.99 97.35 110.4 0.435 2.301 7.5 L&S Urban small scale 
X Otomeyama House 2010 3 496.99 217.37 547.58 47.15 82.21 97.7 0.449 2.862 4.5 L&S Urban small scale 
Y G Apartment 2012 2 1692.63 559.81 1022.23 48.52 88.6 164.1 0.293 6.903 5 L&S Urban small scale 
Z Yonnosaka Town House 2009 2 2576.4 1078.34 3597.13 49.35 97.77 593.6 0.55 2.524 4.3 L&S 
Urban small scale 
AA Moriyama House 2005 2 343.32 130.09 263.32 44.85 90.78 69 0.53 3.09 3.5 Scattered Urban small scale 
AB Makuhari Bay Town 1996 6 8554 2899.92 17384.76 52.02 311.83 454 0.157 12.454 17 Massive Courtyard 
Urban small scale 
AC Shinonome Canal Court 2003 14 11698 5938 50014 64.4 542.39 477.9 0.08 12.053 18 Massive linear 
Urban small scale 
AD Inner Trip Plaza Kamiyamacho 1996 3 1723.8 637.45 2030.00 64.30 148.30 150.90 0.24 7.20 7.5 Courtyard Urban small scale 
AE Squares 1995 4 1243.40 523.89 1636.00 59.50 143.20 179.70 0.34 4.00 6.9 Courtyard Urban small scale 
AF FUKAE Spiral 1998 4 504.75 271.65 1005.83 70.44 260.82 104.50 0.39 2.23 8.4 Courtyard Urban small scale 
AG Masters Garden Setagaya Sakura 2003 4 10931.60 4336.80 16598.94 43.84 167.79 658.50 0.15 10.02 15.7 Courtyard Urban small scale 
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Name Year 
No. of 
Floor
s 
Area(m2) 
Building 
Coverage 
(m2) 
Total 
Floor 
Area() 
BCR 
(%) FAR (%) 
Perimete
r 
[1F] (m) 
WPI SOI Depth 
(m) Layout Type Housing system 
S C V C/S V/S L L/C (S-C)/L 
a Kachidoki The Tower 2016 53 18078.9 5915.9 161622.93 54.38 1485.77 269 0.045 45.216 18.5 Super Massive High-rise Apartment 
b D'Gurafoto Kiyosumishirakawa 2008 32 2624.6 579.7 18550.4 31.10 995.83 99.8 0.172 20.49 23.6 Super Massive 
High-rise 
Apartment 
c Brillia Ariake Sky Tower 2011 33 21788.2 5320.1 175560 29.31 967.08 339.7 0.064 48.478 45.6 Super Massive High-rise Apartment 
d Horizon Mare 2004 27 5715.3 1592.6 43000 36.31 980.81 168.8 0.106 24.424 28.7 Super Massive High-rise Apartment 
e Livio Tower Itabashi 2010 23 2675.8 661.3 15209.9 41.05 944.13 107.4 0.162 18.757 24.8 Super Massive High-rise Apartment 
f Aoyamadai Danchi 1960s 5 148726 14080 70400 9.77 47.34 4613 0.328 29.188 10.3 Linear Danchi 
g Akabanedai Danchi 1960s 5 47159 9093 45465 19.28 96.41 2300 0.253 16.55 9.8 Massive linear Danchi 
h Shinsenrikitamachi Danchi 1960s 5 63169 8195 40975 12.97 64.87 2484 0.303 22.131 9.9 Massive linear Danchi 
i Shinsenri highashimachi 1960s 5 103498 12088 60440 11.68 58.4 3145 0.26 29.065 10.5 Massive linear Danchi 
j Sojiji Danchi 1960s 5 131033 17112 85560 13.06 65.30 5710 0.334 19.951 8.7 Linear Danchi 
k Aruteshimo Prima 2014 11 391.3 209.5 2304.5 74.87 823.62 63.9 0.305 2.845 14.9 Massive linear Condominium 
l Yutenji Flower Apartment 1969 8 1424 345.9 2767.2 41.47 331.79 87.5 0.253 12.321 10 Massive linear Condominium 
m House Yotsuya 1968 2 143.1 81.3 162.6 65.72 131.45 36.1 0.444 1.712 8.9 Linear Urban small scale 
n Biore 2012 2 312.2 165.5 331 61.59 123.19 54.9 0.332 2.672 8.8 Linear Urban small scale 
o K Haim 2014 2 216.8 84.3 168.6 49.73 99.47 38.5 0.457 3.442 6.2 Linear Urban small scale 
p Yonken Nagaya 1900s 2 146.94 105 210 89.20 178.40 44 0.419 0.953 7 Linear Nagaya 
q Cosumo Tudanuma  Royal Court 1995 4 5702.608 1485.930 4478.280 27.248 82.119 302.680 0.204 13.931 12 Massive linear Condominium 
r Sun mansion Highasinarashino 1989 5 2466.070 797.410 3220.500 33.881 136.835 149.340 0.187 11.174 15 Massive linear Condominium 
s Lions mansion Highashihunabashi 1994 8 1291.220 466.710 2052.000 41.11 180.758 100.010 0.214 8.244 12 Massive linear Condominium 
t LeeBest Yachiyomidorigaoka 1997 11 9957.930 3176.760 20742.080 33.44 218.367 402.020 0.127 16.868 16 Massive linear Condominium 
u Tsudanuma High Rise 1987 15 8959.256 2000.200 26305.150 24.40 320.936 253.346 0.127 27.469 20 Super Massive Condominium 
v Duohills Tsudanuma Maebara 2009 13 3823.342 792.080 8142.700 22.53 231.669 176.000 0.222 17.223 14 Massive linear Condominium 
w Chiba Park House 1996 8 3269.541 824.970 5356.860 28.06 182.243 174.670 0.212 13.995 13.5 Massive linear Condominium 
x Nishi Funabashi Dai3 Family mansion 1983 12 1750.160 687.180 4136.400 47.38 285.237 134.670 0.196 7.893 16 Massive linear Condominium 
y Matsudodai2 Rokukodai Sun Heights 1979 4 3458.990 1410.810 4482.600 45.92 145.90 220.010 0.156 9.309 17 Massive linear Condominium 
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Furthermore, as it shown in the analysis (Figure5-11), modern type of housing as high-rise buildings, 
the popular type of residential buildings as condominium, mansion, danchi with the massive-linear layout, 
Figure 5-9. Rate of BCR and FAR in Japanese residential areas with various layouts 
Figure 5-10. Rate of WPI and SOI in Japanese residential areas with various layouts 
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courtyard houses and small-scale urban houses that include a vast number of samples are recognizable based 
on analyzing by WPI and SOI. 
Figure 5-11. Recognizing housing design type based on WPI and SOI 
Figure 5-12. Categorizing urban small-scale housing samples based on the depth of building 

 
 
 
 85 
  
Chapter 6  
General conclusions  
 
6.1. Conclusion 
This research has investigated whether and how building density has affected house form. On the 
strength of the evidence presented in previous chapters, the initial premise can be confirmed, and it appears 
that the results are consistent with theory. FAR and BCR have severe shortcomings in measuring the quality 
of open space and do not allow us to distinguish between different housing layouts.  
The diversity of shapes and layouts in a residential area is the result of applying multiple indices, and 
new methodologies and tools for analyzing this complexity. Housing layout not only has an indirect 
relationship with density but also affect on urban form.The arrangement of the built form of houses and their 
physical relationship with open spaces should be considered carefully in the design of new houses. From this 
research, we may impute that the attributions of density need a reconsideration. 
From the survey results in chapter 3, we assumed in residential areas, buildings arrangement creates 
spatial diversity and variety of private and public spaces, so it is necessary to inspect their outdoor space. The 
distance between blocks and streets width also should be considered in housing laws to provide winter sun 
exposure, privacy, and natural ventilation.In areas with severe weather and centralized layouts in houses, the 
demands for windows are less. Therefore, indoor openness is less while in areas with mild weather wide 
windows are more preferred.  
On the other hand, we can conclude that, during the last decades, owing to fundamental changes in 
Iranian lifestyle, economic concerns, land price, and construction expenses, housing layouts have been 
transformed profoundly from courtyard to massive linear topology. Consequently, the dwellings became 
smaller and the role of open space as a valid contribution to housing layout was neglected. Buildings became 
more closely packed, and the possibility of windows declined; however, through attention to urban design and 
policy, the rate of spatial openness increased.The survey results have several significant implications. First, 
both private and public open spaces must be considered in legislation. Second, culture, religion, traditions, 
climate, and environmental issues have affected residential buildings in Iran.  
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In a review of housing in Japan as it has been demonstrated, over the years, following social 
transformation housing type has reshaped. Alongside with high rate of modernization in lots of countries same 
as Japan, the residential layouts turned to bulks with higher depth. As a result, providing access to natural light 
and ventilation is more difficult, and the possibility of windows is declined. In contrary, in the contemporary 
type of dwellings, because of the concentrated buildings, a higher rate of site area released and the space 
allocated to open space is considerable. 
Review of the density indices in Japanese residential areas offers support for the proposition of 
association among density, housing type, and housing morphology. First, a shift in the form and layout of 
dwelling is recommended It should gear towards building with a higher possibility of the window and spatial 
openness. Developing architecturally designed buildings that provide houses with a higher rate of the 
possibility of windows with roots in the premodern era and applying this concept to new buildings can be 
interpreted as a future refinement of dwelling forms.  Also, in general types of dwellings, the spatial openness 
has a higher value. Combining the positive characteristics of these types could be an appropriate way to suggest 
and design a new kind of housing layout with a high rate of WPI and SOI. Finally, this mode of analysis and 
evaluation could be a practice for other countries.Moreover, to compare Iran and Japan some similarities and 
differences are recognizable which could be noted as : 
• Development and urbanization in both Iran and Japan led to the replacement of individual dwellings 
to apartments and residential complexes. 
• In both Japan and Iran, climate and religious issues have a notable effect on traditional housing, while 
historically the spatial characteristic of dwellings and residential environment reflects natural, 
geographical and cultural needs and shape based on their culture, social norms and lifestyle and 
different strategies introduce according to governmental and municipal policies. 
Figure 6-1. General comparison of rate of SOI and WPI in Iran and Japan 
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• The contemporary type of housing in Iran and Japan, after modernization has some similarities and 
tendency to construct buildings with higher depth in shape of massive linear and super massive type 
improved. 
• It can be noted that Iran is a country in an arid region with densely built-up cities and generally housing 
is in two forms of small courtyard developments or larger blocks of flats and residential areas have a 
moderate proportion of private open spaces such as yards or gardens. While in Japan, the weather is 
generally mild and humid, summer is hot and winter is cold and due to the lack of space in Japan, 
houses are small, but they are comfortable and single-family houses usually have gardens. Also, in all 
scales within the cities, there is a moderate proportion of public green spaces.  
• In Iranian traditional housing, the housing typology was courtyard and yard was surrounded by 
building when in contrast some Japanese scholars named the Japanese traditional housing as out-yard 
housing layout (extroverted) 
• Regarding the analysis of our research results, urban small-scale housing in Japan is a modern type of 
housing layout which is not that much common in Iran. As results shows, the WPI in small-scale urban 
housing is high due to the higher length of walls and it's more suitable for the humid weather.  On the 
other hand, it seems that in Iranian modern housing layout there is an approach toward designing 
modern courtyard type of dwellings. 
• Also, the cultural and religious issues have a remarkable role in both Iranian and Japanese cities. 
Iranian houses are mostly introvertedly marked by walls with approximately 3meter height around the 
buildings and yards. In contrast in Japan there is a tendency to extroverted design for houses to making 
a connection with surrounding nature and although dwellings have boundaries, there is no wall around 
them and they generally surrounded by fences and wall-fence structures. 
• In Iran, to keep the privacy and as a result of religious believes, the interior space of dwellings is 
isolated from the exterior world. For instance, in the residential units that located on the ground floor, 
windows that open to the streets or public areas, should be located at least 1.70 meters upper than the 
floor. In contrary, the case in Japanese housing, there is a clear interior-exterior relationship and unity 
between the inside of the dwellings and outside, especially in traditional Japanese housing, the interior 
is connected to the garden as a result of enclosing rooms by sliding screens.  
• In contrary to neighborhoods in other countries like Iran and European countries, there is always space 
between buildings in Japan and buildings are not attached regarding the humid climate of Japan. These 
space use for placement of staircases, gardens, recycle bins and for some buildings, there are windows 
to provide natural light and ventilation. 
6.2. Recommendations  
Desnity penetrated all factors of a residential area and associated with economic, social, environmental 
factors and urban policy that shape the residential environment and in bigger scale the city structure.The most 
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vital issue contributing to the current situation of housing is high-density compacted residential areas without 
sufficient open space and urban facilities. 
Residential environments should be attractive places to live which could be achieved by urban 
developments and improving the quality of design and consequently space with reviewing urban regulations 
and also making best of our existing residential areas. It is important for designers and planners to understand 
this. The quality of life of the householdes in a residential environmnent is significatly  influenced by spatial 
arrangments like plan of unit, dwelling type, housing layout and open spsce layout. 
An alternative approach is the usage of new variables in the urban design. Applying new indices such 
as SOI and WPI can be an efficient way to design residential environments with high environmental quality. 
These provisions improve the amenities of residential open space to ensure that they satisfy the user demands. 
To avoid the negative impacts of rapid urbanization and high-density residential areas, controlling 
density through planning is essential. Thruough out the research result, the conditions that support a higher 
quality of space in residential areas could be formulated as: 
• Changes in urban legislation and policies should be actively continued to be adopted the new type of 
urban development and current situation of residential areas 
• The arrangement of the built form of houses and their physical relationship with open spaces should 
be considered carefully in the design of new houses.  
• The proposed density indices could use for establishing new developments forms 
• About building form, although legislating the urban laws in urban scale seems impossible, in a smaller 
scale, architects and designers could invert the proposed density indices in their residential designs, 
and this method could be used at a local level. 
• By developing more built-up space and high building in a given area, we could increase the usage of 
urban land and release more open space that improves the quality of the residential area. 
• In low and medium-rise residential areas to obtain a higher possibility of windows, we could combine 
two type of layouts and design massive-courtyard type.  
• In the development of larger plot area, by increasing the possible floor numbers following lower rate 
of building occupancy (building coverage) and releasing more land as an open area, the spatial 
openness improve in which the interrelationship of land, the physical form of buildings and space 
openness will be more balanced. 
• In case of building height (number of floors), it recommended following the adjacent buildings height 
to create a favorable skyline with justified open space.  
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6.3. Proposal layout 
 Based on the survey results in Japan and Iran, we realized that the contemporary residential areas are 
mostly formed in massive  linear type. In low and medium-rise residential areas to obtain a higher possibility 
of windows, we could develop a new layout type with characteristics of massive liner typology. Therefore, if 
we develop a residential block with the same area, BCR and FAR as massive-linear type but minor changes in 
the building arrangement we will create a new type of layout. (Figure 6-2) 
 
 
Figure 6-2. Developing the proposal layout (Staggered-Linear) 
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Figure 6-3. Arrangement typology in Housing Layouts—The same number of floors (5floors) built as 
A: Linear                        B: Courtyard                          C: Scattered                     D: Massive Linear               E: Super Massive              F: Staggered Linear 
 
Table 6-1. Applying Wall Perimeter Index and Spatial Openness Index on various layouts including the proposed layout 
Type A B C D E F 
S (Site Area) 60 × 70 = 4200   
C (Building Coverage) 8 × 50 × 3 = 1200 8× (40 × 2 + 35 × 2) = 1200 8 × 18.75 × 8=1200 12 × 50 × 2 = 1200 24× 50 = 1200 12x10x10=1200 
LA (Perimeter of Buildings) (5 floors) (8 × 2 + 50 × 2) × 3  
× 5 = 1740 
((40 × 2) + (51 × 2) + (24 × 
2) + (35 × 2)) × 5 = 1500 (16 + 37.5) × 8 × 5 =2140 
(12 × 2 + 50 × 2) × 2 × 5 = 
1240 
(24 × 2 + 50 × 2) × 4 = 740 (((12+(10x2) +6) x2) 
+(10x2+6x2)) x2x4=1376 
L1 (Perimeter of Buildings) (1st floors) (8 × 2 + 50 × 2) × 3 = 348 (40 × 2) + (51 × 2) + (24 × 2) + (35 × 2) = 300 (16 + 37.5) × 8 = 428 (12 × 2 + 50 × 2) × 2 = 248 (12 × 2 + 50 × 2) = 148 
(((12+(10x2) +6) x2) 
+(10x2+6x2)) x2=344 
V (Total Floor Area of all Buildings) (5 
floors) 8 × 50 × 3 × 5 = 6000 
8× (40 × 2 + 35 × 2) × 5= 
6000 8 × 18.75 × 8 × 5=6000 12 × 50 × 2 × 5 = 6000 
24 × 50 × 5 = 6000 10x12x5x10x2=6000 
Floor Area Ratio (FAR) V/S   143% 143% 143% 143% 143% 114% 
Building Coverage Ratio (BCR) 
(C/S)   28% 28% 28% 28% 28% 
28% 
WPIA (Wall perimeter index) 0.29 0.25 0.35 0.20 0.12 0.29 
WPI1 (Wall perimeter index) 0.29 0.25 0.35 0.20 0.12 0.29 
SOIA (Spatial Openness Index) 1.72 2 1.40 2.42 4.05 2.18 
SOI1 (Spatial Openness Index) 8.62 10 7 12.09 20.27 8.72 
WPIA= LA/V (Possibility of windows based on the perimeter of walls in all floors)   
WPI1= L1/C (Possibility of windows based on the perimeter of walls in first floor)  
SOIA= (S-C)/LA (Spatial openness based on the perimeter of walls in all floors)    
SOI1= (S-C)/L1 (Spatial openness based on the perimeter of walls in first floor) 
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The proportion of wall perimeter resulted in the Staggered-Linear form, is higher than that of the 
massive linear. In staggered linear, the buildings are connected but staggered, and the more unattached wall 
will release that improve the possibility of windows with creating semi-private space in front of every 
building. However, the area of open space and as a result, spatial openness index decreased.(Table 6-1) 
In high rise buildings, the number of floors has an undeniable effect on perceptions and measuring the 
spatial openness; therefore the considerable difference between the rate of SOI in super-massive type and other 
types of layouts is predictable. If we look at figure 6-4 we realize that the staggered –linear has a moderate 
rate of WPI and SOI among all common layouts, therefore, developing residential areas with this model could 
be a step toward improving the quality of space. 
6.4. Future studies 
In this study, the primary interest was the role of density in the morphology of residential environments, 
and we explored the relation between housing layouts, spatial openness, and window possibility by 
concentrating on density (FAR and BCR) and housing layouts. The Wall Perimeter index(WPI) and Spatial 
Openness Index (SOI) have been shown to correspond well with housing layout and open space morphology 
impact on possibility of windows and space openness in residential environment. While the main limitation 
has been that the development of proposed indices for the other land uses in an urban area.  
Many other factors have not been taken into account directly in the analysis such as road width and 
building height while both could be declared as critical parameters. The role of roads within and surrounding 
Figure 6-4. Comparison of SOI and WPI in various type of layouts including the proposed layout 
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the residential area is also vital, considering which proportion road width could review in future research. 
Moreover, the influence of the height of buildings on the morphology of residential open space and the rate of 
spatial openness in the different floors of buildings requires further research. 
However, there are other urban factors including climate, culture, and legislation that may affect the 
spatial form of residential open space and the location and number of windows. Also, in a wider international 
scale European and American housing should be studied. Further research needs to be performed to understand 
the role of these factors. 
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